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ABSTRACT 
The Birdbear Formation is a subsurface unit that is present 
throughout North Dakota except where truncated by post-depositional 
erosion. An angular unconformity is present between the Birdbear 
and younger strata in areas where the Three Forks Formation does 
not overlie the Birdbear. An isopach map of the Birdbear, 
constructed from drill-hole log data, indicates that the formation 
generally thickens gradually from the erosional limit to a maximum 
of 119 feet north of the center of the Basin. A structure map o~ 
the top of the Birdbear shows a basin that reaches 9000 feet below 
sea level. 
The Birdbear is predominantly a fossiliferous limestone and 
a dolomitic muddy limestone. The formation can be divided into 
seven lithofacies based on the results of core and thin-section 
petrography. Each lithofacies is characterized by fossil fauna 
and other lithologic features. 
Epeiric-sea sedimentation is the depositional model proposed 
for the Birdbear Formation. Lithofacies analysis suggests, after 
an initial shallow-water depositional environment, the development 
of three energy zones of an epeiric depositional setting. In 
addition, a supratidal or supralittoral zone was present. A 
stromatoporoid bank-complex developed approximately during middle 
Birdbear time and may be considered to have been superimposed on 
the epeiric setting. Lithologic and other features of the Birdbear 
xiii 
also suggest sedimentation similar to that documented from the 
present-day tidal-flat complex of the Caribbean Andros Island 
area and the sabkha of the Persian Gulf Abu Dhabi area . 
Four diagenetic zones can be assigned to Birdbear rocks. 
Dolomite occurrence and interpreted mechanisms of dolomitization 
best define each zone. A mixing-zone mechanism is believed to be 
the most significant telogenetic process. This process probably 
accounts for bleached Birdbear rocks and intercrystalline porosity, 
such as that found near the Billings anticline. Late diagenesis 
is indicated by 1) saddle-dolomite rhombs, and 2) anhydrites that 
have replaced some of these rhombs. 
Nodules , stylolites, micros t ylolites, some dolomites, and 
other diagenetic features are interpreted to be effects of pressure 
response. Pressure-response carbonate diagenesis probabl y occurred 
through ionic mobilization and precipitation, induced by a particle 
edge, fluid-film mechanism and a proposed intraunit solution 
mechanism. 
Petroleum occurrence in the Birdbear is related to lithofacies 
that represent bank and back-bank areas, and to dolomitization . 
xiv 
INTRODUCTION 
General Statement and Purpose 
This thesis describes the lithology and diagenetic features of 
the Birdbear Fonnation in North Dakota. The Birdbear Formation is 
part of the Devonian System (Fig. 1) in the subsurface Williston 
Basin of North Dakota (Fig. 2; Pl. 1). The Birdbear consists 
predominantly of fossiliferous limestone and dolomitic muddy 
limestone. Major diagenetic features of the formation are dolomite 
minerals and various pressure response effects such as microstylolites 
or stylolites. It is suggested that other diagenetic features are 
present which may also be related to pressure response, such as, 
nodules that form mottled structures. 
Thickness of the formation in North Dakota attains a maximum 
of 119 feet in Burke County, North Dakota (Pl. 2). In the eastern 
and southwestern portions of North Dakota (Fig. 3) the formation 
forms a feather-edge due to post-depositional erosion (Figs. 4,5). 
The Birdbear Formation is present beyond the areal extent of the 
Three Forks Formation which overlies the Birdbear in the center of 
the Basin. This region of subcrop extends to the present-day border 
of the Birdbear, which was determined by erosion (Fig, 3; Pl. 3). 
B1rdbear Formation lithofacies that are presented here can be 
compared with sediments of modern-day environments of carbonate 
1 
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Fig. 1. Chart of nomenclature and correlation 
of unit names used in the text. 
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Fig. 2. Illustration of the log from North Dakota 
Geological Survey (NDGS) well number 793, 
Mobil Oil Producing Co. No. 1 Birdbear, 
SE1/4NW1/4 sec. 22, T. 149 N., R. 91 W., 
of Dunn County, North Dakota. This is the 
type well for the Birdbear Formation. 
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Fig. 3. Map showing the extent of the Birdbear 
Formation (lined and cross-lined areas) 
in North Dakota (the area of study). The 
area where the Three Forks Formation does 
not overlie the Birdbear Formation is 
indicated by cross-lines. The locations 
of wells, from which core was studied, 
are indicated by dots. The numbers 
beside the dots are the NDGS well number. 
PU•tNA 
STEEL£ 
IWtN£$ CASS 
RICHLAND 
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8 
Fig. 4. Generalized cross section of the subsurface 
of eastern North Dakota (approximately in 
Benson County) illustrating angular 
unconformity between the Birdbear Formation 
and younger strata. At the position indicated 
by the arrow (x), Mesozoic strata directly 
overlie the Birdbear Formation in Towner 
County. 
Fig. 5. Generalized cross section of the subsurface 
of southwestern North Dakota (approximately 
in Bowman County) illustrating angular 
unconformity between the Birdbear Formation 
and younger strata. Thickness of the 
Birdbear decreases progressively as the 
unconformity is approached. Modified from 
Anderson (1963). 
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10 
sedimentation. Although Irwin (1965) pointed out that exact modern 
analogs are not always available, Heckel (1972, Fig. 10, p. 253) 
showed that certain ancient or theoretical models can be compared 
to modern carbonate sedimentation models. The widespread 
occurrence of the Birdbear, and other equivalent strata, suggests 
that sediments of the Birdbear were probably deposited in an 
epicontinental sea and that the sea was present in portions of 
southwestern Canada and west-central United States (Fig. 6). 
Since the sea in this area was epicontinental, it was probably 
less than 600 feet deep and more likely 100 feet deep, as indicated 
by Shaw (1964, p . 5). Bottom slope of the sea that was present 
in North Dakota during the Late Devonian was speculated by Irwin 
(1965, p. 417) to have been approximately one-tenth of one foot 
per mile . Hence, the body of water in which sediments of the 
Birdbear Formation were deposited is referred to as an epeiric sea. 
According to Johnson (1970) sedimentologic and other 
evidence indicates that North Dakota was in a tropical climate 
during Late Devonian time (Fig. 6) . Today, the majority of 
powerful coastal storms occur in tropical areas (Ball et al., 
1967). Similar tropical storms probably occurred in the study 
area during deposition of Birdbear sediments in the epeiric sea, 
and played a significant role in sedimentation. 
The purpose of this study is to (1) construct a depositional 
model that sunnnarizes the interpretation of the results of the study 
of cores and thin sections from the Birdbear Formation, (2) describes 
11 
Fig. 6. Regional map showing the re lat ions hip of the 
Williston Basin to adjacent features. 
(1) Williston Basin (Porter and Fuller, 1959), 
(2) Central Alberta Basin (Sandberg and Hanunond, 
1958), (3) Central Montana Platform (Macauley, 
1964; Sandberg and Poole, 1977), (4) Sioux Arch 
(Sandberg and Hannnond, 1958), (5) boundary 
between Churchill (west) and Superior (east) 
Geologic Provinces (Gerhard et al., 1982), 
(6) Cordilleran seaway (Meyers, 1980). 
(7) barrier facies (Loucks, 1977), (8) location 
of Kent's (1968) facies change between the 
Birdbear and Nisku Formations, (9) approximate 
location of equator during Late Devonian time 
(Johnson, 1970). 
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13 
and interpret diagenetic features inthe Birdbear, and (3) indicate 
possible relationships between lithologic characteristics and 
petroleum occurrence in the Birdbear Formation . 
Geologic Setting 
The Williston Basin is a structural, intracratonic basin floored 
by Precambrian crystalline rocks of the Canadian shield (Gerhard 
et al., 1982, p. 990). The depth to the Basin floor reaches a 
maximum of slightly over 15,000 feet below the present surface in 
east-central McKenzie County, North Dakota. Porter and Fuller's 
(1959) outline of the Williston Basin is used in this report (Fig . 6). 
Sedimentary rocks of every cratonic sequence (Sloss, 1963) are 
present in the Williston Basin (Carlson and Anderson, 1965). Every 
system of the Paleozoic is present. The maximum thickness of 
rocks of the Devonian System in the North Dakota portion of the basin 
is over 1500 feet (Carlson and Anderson, 1965, Fig . 16, p. 1839). 
The present areal limit of the Devonian System is the result of 
post-Devonian erosion. 
Major structural elements active during Birdbear time in the 
study area were the Nesson and Cedar Creek anticlines (Fig . 7). 
Variation of Birdbear Formation depositional thickness across and 
in the vicinity of both anticlines (Pl. 2) indicates that the 
structures were active during deposition. Correlation of geophysical 
logs from wells drilled in the areas near the anticlines demonstrates 
a progressive thinning of the Birdbear as the crest of an anticline 
is approached . The western end of cross section B-B', Plate 3 shows 
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intraformational thinning of the Birdbear near the Cedar Creek 
anticline. This thinning is represented schematically in Figure 5. 
The Basin hinge line, Billings and Antelope anticlines, and 
the Bismarck-Williston lineament (Gerhard et al., 1982), are other 
structures present in the study area (Fig . 7), The basin hinge 
line occurs along the boundary between the Precambrian Churchill 
Geologic Province on the west and Superior Geologic Province on 
the east (Ballard, 1963). The approximate location of the hinge 
line is shown on Figures 6 and 7. The location also marks the 
boundary between steeper-dipping Birdbear strata on the west and 
more gently dipping Birdbear strata on the east. (Pl, 1). 
The Bismarck-Williston lineament (Fig. 7) is visible on a 
structure map of the top of the Silurian System (Gerhard et al., 
1982, p. 1009). The lineament can also be observed on a structure 
map of the top of the Birdbear Formation (Pl, 1). 
Some minor structures in the study area include the Burleigh and 
Cavalier highs (Fig. 7). Only the Cavalier high possibly influenced 
depositional thickness of the Birdbear Formation. The degree of 
influence, however, is no longer clear due to post-depositional 
erosion of the Birdbear in the area of the Cavalier high (Ballard, 
1963). 
Differential solution of the Middle Devonian Prairie Evaporite 
has caused local structural anomalies in the Birdbear (Swenson, 
1967) and other formations (Anderson and Hunt, 1964). Swenson (1967) 
demonstrated that the anomalies are caused by a two-stage salt 
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solution phenomena: (1) an initial localized solution, and (2) a 
much later, regionally extensive, removal of the remaining salt. 
Haj nal and McClure (1977) and Robinson and Charlesworth (1982) 
suggested that the boundary between the Precambrian geologic provinces 
(Fig. 6) may somehow control dissolution of the salt. 
The major negative structure present during Late Devonian time 
was the shallow epicontinental basin in which the Birdbear was 
deposited. The study area during the Late Devonian consisted of only 
a portion of the total epicontinental basin. 
The Late Devonian epicontinental basin was preceded by a more 
localized basin during the Middle Devonian. Baillie (1953, 1955) 
called this basin that was present during the Middle Devonian, 
the Elk Point Basin. Macauley (1964, pp. 13, 14) showed migration 
of the Elk Point Basin from the Central Alberta Basin area (Fig. 6) 
into North Dakota and South Dakota. The epicontinental basin that 
was present during Birdbear time developed from areal expansion 
of the Elk Point Basin during Souris River (Fig. 1) time. The 
present location of rocks of the Souris River Formation in the area 
of the Central Montana Platform (Sloss, 1950) that interfinger with 
rocks of the equivalent Maywood Formation (Fig. 1) indicates that 
the Elk Point Basin sea transgressed westward into Montana (Fig. 6) 
concurrently with an eastward transgression of the "Maywood Sea" 
from the Cordilleran Sea (Meyers, 1980). This "opening" of the Elk 
Point Basin which developed into one large epicontinental sea 
persisted through Duperow (Fig. 2) and Birdbear time. Thus, the 
connection between the Late Devonian epeiric sea and the open-marine 
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Cordilleran sea occurred across the Central Montana Platform 
(Fig . 6) . 
Stratigraphic Nomenclature 
The occurrence of rocks of Devonian age in the northern portion 
of North Dakota was first reported by Kline in 1942. Stratigraphic 
names were purposely not proposed because more information was 
needed. 
Later in 1942, Seager et al. published a report on North Dakota 
stratigraphy that confirmed Kline's (1942) interpretation of 
Devonian rocks in the subsurface. Each of these studies relied on 
comparison of rock samples from wells drilled in North Dakota to 
samples of rocks known to be of Devonian age from Manitoba. 
In 1958, Sandberg and Hammond defined the Birdbear Formation 
in the Williston Basin as the interval from 10,310 to 10,400 feet 
in the Mobil Producing Company's Number 1 Birdbear well (North 
Dakota Geological Survey well number 793), Dunn County, North 
Dakota (Fig. 2). They also described the lithology of the Birdbear 
Formation from core that was recovered from the well. The 
geophysical log of the interval from 10,310 to 10,400 feet in the 
Birdbear well (Fig . 2) serves as a reference for correlation of 
logs from other wells which have penetrated the Birdbear Formation 
(Pls. 3,4). 
The selection by Sandberg and Hammond (1958) of the assigned 
interval in the Birdbear well as representative of the Birdbear 
Formation was, in part, governed by common recognition of the time, 
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at that approximate position in the column, of a formation or some 
other rank of lithostratigraphic unit (Fig . 1). 
Prior to Sandberg and Hammond's publication in 1958, the name 
Nisku had been used for strata occupying the position of the Birdbear 
Formation (Fig . 1). Baillie (1953) introduced the name Nisku 
Formation from the Central Alberta Basin into parts of the Williston 
Basin and adjacent areas (Fig. 6) for what he believed were equivalent 
strata (Fig. 1). Towse (1953) used Baillie's (1953) terminology 
set in quotations (Fig . 1) because he questioned whether the interval 
designated "Nisku" in the Williston Basin was depositionally related 
to the Nisku in Canada . Towse (1953) also published partial results 
of discussions by a regional American Association of Petroleum 
Geologists coordinating committee on stratigraphic names and 
correlations in the Williston Basin. The committee used the name 
Nisku (Fig. 1) for strata throughout the Williston Basin that were 
equivalent in position to strata called Nisku Formation by Baillie 
(1953) . 
It was Peale (1893) who had first named strata in Montana 
that are now known to be equivalent in position to the Birdbear 
(Fig. 1). Terminology from other early work, significant to this 
study, on Devonian stratigraphy in areas adjacent to the Williston 
Basin done by Sloss and Laird (1947) and by Andrichuk (1951) are 
presented in Figure 1 . 
In Canada and portions of Montana, Baillie (1953) had appl ied 
the name Nisku (Nisku was initially used by Layer et al., 1950, for 
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Devonian strata that occur in the subsurface of northern Alberta) 
to Williston Basin strata . But work in 1955 and 1961 by Belyea and 
in 1962 by Hurley indicated that there is no depositional equivalency 
between Nisku strata and Birdbear strata. Sandberg and Hammond (1958, 
p. 2321) recommended that the term Nisku be restricted to a 10 , 000 
square mile area around Edmonton, Alberta, which is near the location 
of the well from which Layer et al. (1950) initially described the 
Nisku . 
A line of arbitrary cut-off (Fig . 6) of the southeastward 
extent of the Nisku Formation marking the position of lithofacies 
change between the Nisku and Birdbear Formation was proposed by Kent 
(1968 , p. 20); he indicated (p. 99) that the terms Nisku and 
Birdbear could not be used interchangeably. Hence, the Nisku 
Formation is used northwest of Kent's line and the Birdbear Formation 
is used southeast of the line for equivalent facies. Loucks' 
(1977) barrier facies (Fig. 6) may be an extension of Kent's line 
in the U.S . 
Age 
Outcrops in Montana and Manitoba contain strata that were 
determined by studies of fossil faunas to be Devonian in age 
(Weed, 1900; Kindle, 1908, 1914; Haynes,1916; Lochman, 1950). 
In Montana, Laird (1947) and Sloss and Laird (1947) identified 
fossil fauna of Devonian age, which were collected from the Dolomite 
Member and the breccia and calcareous unit of the Jefferson Formation 
(Fig. 1). They identified five Devonian corals in the Dolomite 
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Membe~ which is partially equivalent in stratigraphic position to 
the Birdbear Formation in the Williston Basin (Fig. 1). 
Wilson (1956) dated strata of the Souris River and Duperow 
Formations in the Williston Basin by identifying brachiopods and 
crustaceans (branchiopods) that he collected as Late Devonian. 
Conodonts, identified by Klapper (1966), from strata in the upper 
portion of the Jefferson Formation in Montana that are stratigraphically 
equivalent to the Birdbear Formation (Fig. 1), are Frasnian in age. 
Sandberg and Poole (1977) indicated that upper Jefferson Formation 
strata in western Montana are Late Frasnian in age, also based on 
conodont study. 
Although the subsurface reference interval for the Nisku in 
Alberta is non-fossiliferous (Layer et al., 1950; Meneley, 1958), 
the Ireton "Formation" (Ireton Member of the Woodbend Formation in 
Figure 1), which directly underlies the Nisku, contains zones with 
abundant microfossils as reported by Loranger (1954). Loranger 
indicated the presence of species of foraminifers with a range 
limited to Upper Devonian; the evidence, therefore, suggests that 
the overlying Nisku and equivalent strata are indeed, of Late 
Devonian age. More recent fauna! and floral studies (conodonts, 
brachiopods, ostracodes, stromatolites, and charophytes) of rocks 
in the Canadian subsurface restrict the Birdbear Formation to 
Frasnian in age (Mound, 1967), specifically, upper Middle Frasnian 
(l<ent, 1967). 
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Stratigraphy and Previous Work 
The Birdbear Formation extends throughout the entire Williston 
Basin as shown in Figure 6 (Sandberg, 1961). The formation is 
present everywhere in the subsurface of North Dakota, except in 
the eastern and extreme southwestern areas of the state (Fig. 3). 
Thickness of the formation in North Dakota ranges from a maximum 
of 119 feet in Burke County to a feather-edge at the truncated 
erosional margins (Pl. 2). Variation in formation thickness is 
small and consistent throughout the Williston Basin (Pls. 3,4). 
Effects of the structural feature on formation thickness is subtle. 
The most significant feature, in terms of depositional formation 
thickness, is the Cedar Creek anticline. Figure 5 shows progressive 
thinning of the formation as the crest of the anticline is approached. 
The nearest exposure of equivalent strata is in the Little Rocky 
Mountains in north central Montana (Sandberg, 1961; Benson, 1966). 
The Birdbear Formation generally conformably overlies the 
Duperow Formation and conformably underlies the Three Forks 
Formation (Fig. 2) except in peripheral areas of the Basin where 
local disconformities and angular unconformities are present 
(Figs. 4,5). The local disconformities are considered to be a 
result of interformational exposure (Sandberg and Hammond, 1958, 
p. 2320; Kent, 1968, p. 92). Angular unconformities between the 
Birdbear and younger strata are present in the region where the 
Birdbear is not overlain by the Three Forks Formation (Fig. 3, 
Pl. 2). Evidence of subaerial diagenesis, such as incipient 
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solution vugs, can be observed in some samples of the Birdbear 
recovered from the region beyond Three Forks extent of the subcrop 
region. Birdbear strata in the areas of subcrop must have been 
subaerially exposed during at least part of the period of development 
of the unconformity. 
Petrologic study of strata stratigraphically equivalent to the 
Birdbear Formation in the Williston Basin was initiated by Powley 
in 1951. Powley described these stratigraphically equivalent rocks 
as dolomitic and he interpreted them as representative of biostromal 
depositional environments. 
The next significant study was done by Baillie in 1953 and 
republished in 1955. Baillie described rocks from North Dakota 
that are stratigraphically equivalent to the Birdbear Formation. 
His description was similar to Powley's (1951) description and 
Baillie also interpreted the rocks as biostromal sediments. Evidence 
of a biostrome, according to Baillie (1953), is suggested by the 
presence of corals and generally coarse, forereef, carbonate 
material. Only slight variation in lithology and thickness of 
the unit throughout North Dakota and parts of Montana, South Dakota, 
Saskatchewan,and Manitoba was cited as evidence by Baillie (1953), 
of tectonic stability during deposition of the biostrome. 
Meneley (1958) studied ten well cores and a few consecutive 
series of well cuttings from Birdbear equivalents in Saskatchewan. 
He recognized three dominant lithologies in the interval equivalent 
to the Birdbear: dolomite, fossiliferous limestone, and 
dolomite-evaporite, which were interpreted to correspond, respectively, 
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to shoal, intershoal, and lagoonal depositional environments. 
In 1968, Kent analyzed the regional geology of the Duperow 
and Birdbear Formations in the northwestern portion of the Williston 
Basin and adjacent areas . He informally divided the Birdbear 
into lower and upper members . While he described both members as 
carbonates, the upper member was said to be more argillaceous . 
Kent's (1968) study included the area of a change in lithofacies 
between the Nisku Formation in central Alberta and the Birdbear 
Formation in the Williston Basin and adjacent areas as shown in 
Figure 6. 
Nichols (1970) divided the Birdbear in southern Saskatchewan 
into two units, a lower dolomite, and an upper carbonate-anhydrite. 
The depositional environment of the lower unit, according to 
Nichols, was initially a shallow-marine shelf with locally occurring 
open-marine conditions that were favorable for the establishment 
of reef organisms. He speculated that the upper unit represented 
increasingly restricted conditions due to a progressive regression 
of the sea. 
Cores of 21 wells stored in the Wilson M. Laird Core and 
Sample Library of the North Dakota Geological Survey (NDGS) 
provided the data for this study. A suite of thin sections was 
provided by the NDGS for one well that no longer had representative 
core. Distribution of the 21 wells from which core was recovered 
is shown in Figure 3. 
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Cores were slabbed, the lithology described (App. B) and 
thin sections were made whenever lithology, fabric, or stratification 
changed . The presence of dolomite in core samples was determined 
by the lack of effervescence upon application of 10%, cold, dilute 
HCl to clean core surfaces. Dolomite in thin section samples was 
determined by standard staining methods as developed by Friedman 
(1959) using Alizarin Red S to stain calcite. 
Lithologic descriptions generally follow the terminology 
that was proposed by these authors: Dunham (1962) for carbonate 
rock names; Folk (1965) for calcite crystal forms; Maiklem et al. 
(1969) for anhydrite forms; McKee and Weir (1953) for 
stratification; Wanless (1979) for pressure response features; 
Folk (1962) for skeletal allochems; and McKee and Gutschick (1969) 
for most non-skeletal allochems . 
Formation contact picks are based primarily on natural 
(ganuna-ray) radiation curves (on file with the NDGS) from 
approximately 375 boreholes scattered across North Dakota 
(App. B, Pls. 1,2). Structure contour and isopach maps (Pls. 
1,2) were constructed from formation contacts . Cross sections of 
the Birdbear Formation (Pls. 3,4) were constructed from geophysical 
logs of wells present along transects across the area of study 
(App. C.) . 
LITHOFACIES 
Introduction 
Core and thin-section descriptions of the Birdbear rocks studied 
are given in Appendix B. Most lithologic and other features present 
in the Birdbear Formation are listed in Table 1. 
Rocks of the Birdbear Formation can be grouped into seven (A to G) 
lithofacies based on results of core and thin-section petrography. 
Various criteria were used to distinguish the lithofacies. The 
principal criteria used in this study were the occurrence of fossil 
biota, their association, and their relative abundance (Table 1). Primary 
sedimentary structures and non-skeletal particles were also helpful 
features for categorizing the seven lithofacies (Table 1). 
Lateral and vertical relationships between the seven lithofacies 
in the formation are represented diagramatically in Figures 8 and 9. 
As none of the individual cores studied penetrated the entire 
formation, Figures 8 and 9 are composite diagrams of the lithofacies 
in space and time. Most contacts between facies probably interfinger, 
although a dashed line is used in the diagrams. The relationships 
depicted in Figure 9 show that not all lithofacies are present throughout 
the study area. Although only one bank area (lithofacies C and D) is 
shown in Figure 9, relationships of lithofacies C and D to other 
lithofacies suggest that additional banks probably existed. Other 
lithofacies do occur throughout the study area. Lithofacies A and Bare 
present in all cores that penetrated the lower portion of the lithofacies 
sequence of the formation (Fig . 8). 
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TABLE 1 
RELA~IV~ ABUNDANCE OF LITHOLOGIC AND OTHE~ FEATURES IN 
LITHOFACIES OF THE BIRDBEAR FORMATION 
[-=absent, R = rare, C = conunon, .\ :: abundant] 
Lithofacies 
Feature 
A B C D E F G 
brachiopod R A R R 
pelmatozoan R A R R 
gastropod R C R R 'il R 
ostracode C C C R A C R 
rugos1? coral R R :-
strom.~toporoid 
globular R R 
tab1.1lar A R 
hemlspheroid R C 
dendroid R A R 
amphi:?oroid R A R 
Thamno2ora C R 
bryozoan R 
syringoporoid C A 
calcisphere C R R C A R 
Parachaetetes R 
foraminifers R R 
intraclast A C R R A C C 
peloid C C C C A A R 
ooid R -
quartz silt C R C C A 
algal "ball" C C C 
algal "clots" R R R C 
algal "stick" R R C 
coated grain R C R C R 
oncoid R 
stratification 
horizonal C C R A C 
inclined C C C C 
cross R C R 
crypt algal R A C 
structure 
burrows R R R 
bioturbated A C 
mottled R A R 
enterolithic R 
anhydrite 
anhydritic R R C 
nodules 
barrel-shaped R R 
crystals 
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Fig. 8. Diagrammatic representation of a typical 
vertical sequence of Birdbear lithofacies . 
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Typical lithofacies sequence in the Birdbear Formation 
lrthofacies 
G 
F 
E 
D 
C 
B 
A 
depositional environment & constituents 
-
Q @) 
~G) 
e ® 
supratidal or supralittoral, 
locally sabkha: dolomudstone. 
quartz silt. mosaic and 
enterolithic anhydrite 
r~~tricted shallow-water: 
calcisphere, peloid, 
cryptalgal structure 
restricted shallow-water: 
peloid. tntraclast. ostracode. 
cross-stratified structure 
back- bank: amphiporoid 
bank: stromatoporoid 
shallow normal-marine: 
brachiopod. pelmatozoan 
shallow-water: 
peloid. rounded intraclast. 
calcisphere. ostracode 
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Fig. 9. Generalized schematic representation of the 
relationship between lithofacies in the Birdbear 
and depositional environments. 
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Lithofacies A 
Intraclasts, peloids and calcispheres form the dominant allochems 
of lithofacies A (Fig. 10). Quartz silt and ostracodes occur less 
commonly; brachiopods, pelmatozoan fragments, and gastropods are 
rare . The intraclasts are typically angular (Fig. 10), although 
rounded intraclasts of olive-green shale are also present. These 
shaly intraclasts closely match the color and composition of the 
underlying shale of the uppermost Duperow Formation. 
The constituents in lithofacies A combine to form packstones to 
wackestones that usually exhibit inclined or horizontal stratification 
(Fig. 10). Dispersed areas of mottling occur in this lithofacies. 
Lithofacies A is present everywhere in the study area and, in all 
cases, occurs in the basal part of the Birdbear. 
Lithofacies A directly overlies rocks of the uppermost Duperow 
Formation. The olive-green shale of the uppermost Duperow has 
a characteristic gannna-ray curve (Fig. 2). This curve is generally 
ref erred to as the "Ireton kick" (S. B. Anderson, NDGS, personal 
communication, 1982) and can be correlated throughout the study 
area (Pls. 3,4). Lithofacies A is approximately represented in 
cross section (Pls. 3,4) by the first interval of low gamma-ray 
values directly overlying the "Ireton kick". 
Lithofacies B 
Whole brachiopod and gastropod fossils are characteristic 
allochems of lithofacies B (Figs . 11,12,13). Both allochems can be 
observed in core sample. Pelmatozoan fragments and ostracodes are 
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Fig. 10. Photograph of rounded intraclast (A), angular 
intraclast (B), inclined stratification (C), 
and a sample of uppermost Duperow Formation (D) 
to compare to rounded intraclast (A). 
Lithofacies A. Length of scale is 1 inch. 
Core no. 505-8956. 
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Fig. 11. Photograph of mottled structure, stylolites (A) 
and microstylolites (B). Lithofacies B. 
Length of scale is 1.0 inch. Core no. 
2828-11,436. 
Fig. 12. Photomicrograph of pelmatozoan fragment (A), 
brachiopod (B), gastropod (C), peloid (D), and 
bryozoan? (E). Lithofacies B. Width of base 
of photomicrograph is 0.1 inch. Thin section 
no. 3086-10,556. 
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Fig. 13. Photograph of fossil "hash," made of mostly 
of gastropod shells. Length of scale is 1.0 
inch. Core no. 2967-10,586. 
Fig. 14. Photomicrograph of abraded allochems. 
Gastropods (A), foraminifers (B), micro-algal 
"balls" (C) and an algal "stick" (D) are 
shown. Lithofacies B. Width of base 
photomicrograph is 0.1 inch. Thin section 
no. 2820-10,927.6. 
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common fossils, while bryozoan and syringoporoids occur less 
commonly . Figures 12 and 14 show several allochems present in 
lithofacies B including fine-grained peloids, and micro-algal 
"balls". Rugose corals, foraminifers, micrite-coated grains, 
and algal "clots" and "sticks" are rare allochems in this 
lithofacies. 
Algal "balls" have a superficial layer of ''micro-laminations" 
similar to the accreted "bahamiths" shown by Illing (1959, p. 37, 
Fig. 6). The overall form of the algal "balls" in the Birdbear are 
also similar to particles presented by Hardie and Ginsburg (1977, 
p. 62). 
Foraminifers are rare in the Birdbear. Samples of those 
that do occur are usually very dense and reveal small, regularly-spaced, 
noncontinuous wall structures (Figure 14); structures that could be 
biserial chambers are seldom present. Nichols (1970) has reported 
foraminifers from the Birdbear in Saskatchewan. 
Certain forms of stromatoporoids occur exclusively in the 
upper portion of lithofacies B, generally near the boundary with 
lithofacies C (Fig. 8). Typical stromatoporoid forms include 
globular, hemispherical and dendritic. 
Rare beds of fossil "hash" consisting mostly of gastropod shells 
can be observed in core samples of lithofacies B (Fig. 13). In thin. 
section, the allochems are abraded and exhibit an indistinct 
gradation (Fig. 14). 
Some structures observed in thin section appear to be burrows 
since chamber outlines are generally ellipsoid (Fig. 15) and typically 
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Fig. 15. Photomicrograph of a burrow. Lithofacies B. 
Width of base of photomicrograph is 0.1 
inch. Thin section no. 999-11,280. 
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have a thin "trail" leading from the chamber. Chamber interiors are 
generally composed of homogeneous material. 
Rocks in lithofacies Bare customarily structureless with respect 
to primary sedimentary structures . However, a mottled appearance is 
a characteristic diagenetic structure of lithofacies B (Figs. 11,13). 
The mottled structure is comprised of irregular nodules that are 
usually outlined by stylolites and small, non-interpenetrating 
stylolites or microstylolites. The nodules are usually calcitic, 
whereas the matrix between the nodules is dolomitic. 
Constituents of lithofacies B combine to form wackestones and, 
rarely, packstones. The packstones are generally associated with 
the thin beds of fossil "hash" or with localized areas where 
allochems occur in abundance. 
As shown in Figure 9, lithofacies Bis present throughout the 
area of study (see also log cross sections, Pls. 3 and 4). In all 
areas, lithofacies B directly overlies lithofacies A and underlies 
either lithofacies C or E. 
The ganuna-ray deflection on a geophysical log of lithofacies B 
is minimal and similar to the deflection for lithofacies A (Fig. 2). 
A resistivity curve of lithofacies Bis typically moderately low 
to variable (Fig. 2). 
Lithofacies C 
Stromatoporoids characterize lithofacies C. Stromatoporoids 
in the Birdbear Formation occur mainly in four shapes; the 
terminology below is that of Lecompte (1956) and Stearn (1975). 
Dendroid (Fig. 16) and tabular (Fig. 17) are the two most abundant 
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Fig. 16. Photograph of hemispheroid, globular, and 
dendritic stromatoporoid shapes. Lithofacies C. 
Length of scale is 1 . 0 inch . Core no. 
793-10 , 372. 
Fig. 17. Photograph of tabular stromatoporoids and 
Thamnopora. Stromatoporoid is encrusting a 
Thamnopora particle at (A). Lithofacies C. 
Length of scale is 1 . 0 inch. Core no. 
2828-11,417 . 
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shapes and forms with this shape are placed by Klovan (1964) in 
the genus Stachyodes. Hemispheroid and globular shapes are also 
present (Fig. 16); these generally occur near the interval between 
lithofacies Band C (Fig. 8). Tabular forms dominate the central 
and upper interval of lithofacies C (Fig. 17) and dendroid forms 
are most common in the uppermost part of the lithofacies (Fig. 18). 
Some stromatoporoids are encrusting. The globular shapes 
seem to encrust either matrix material (Fig. 16) or some of the 
dendroid forms. Some stromatoporoids associated with the tabular 
shapes encrust Thamnopora particles (Fig. 17); Thamnopora is a 
tabulate coral similar in general form to the modern-day branching 
coral, Porites. Stromatoporoids also encrust another type of 
tabulate coral, syringoporoids (Fig. 19) . A non-encrusted 
syringoporoid is shown in Figure 20. Aulopora may also be present, 
but it is difficult to differentiate from syringoporoids since 
septa are not always preserved and trabeculae of both types appear 
identical in thin section. Small, solitary rugose corals occur 
rarely in lithofacies C and, where present, typically serve as a 
substrate for encrusting syringoporoids and stromatoporoids. 
Ostracode particles are present in relatively abundance 
in lithofacies C. Usually the valves are small and are disarticulated, 
and occasionally comminuted. 
Allochems that are present in minor amounts in lithofacies C 
include brachiopods that are typically abraded, small pelmatozoan 
fragments, small gastropods, amphiporoids, calcispheres, and algal 
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Fig. 18. Photograph of dendroid stromatoporoids (A), 
Thamnopora (B), and an oncoid (C). 
Lithofacies C. Length of scale is 1.0 inch . 
Core no. 4599-7489.7. 
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Fig. 19. Photomicrograph showing a stromatoporoid 
encrusting a syringoporoid. Lithofacies C. 
Width of base of photomicrograph is 0.1 inch. 
Thin section no. 2887-9227. 
Fig. 20. Photomicrograph of a syringoporoid. Lithofacies 
C. Width of base of photomicrograph is 0.1 
inch. Thin section no. 2820-10,916.8. 
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"balls". Non-skeletal constituents are peloids and small intraclasts. 
Parachaetetes, a solenoporacean coralline alga and an oncoid, 
a concentrically algal-laminated particle (Fig. 18), occur in rare 
abundance. Both of these allochems are confined to the uppermost 
interval of lithofacies C. Other calcareous algae such as renalcids 
or epiphytaceans, typical of Devonian stromatoporoid bank 
lithologies (Heckel, 1974; Riding, 1979), have not been observed in 
lithofacies c. 
The dominant rock type in lithofacies C is a packstone. Although 
a boundstone would be expected because of the encrusting nature of 
most stromatoporoids, Figure 17 shows that most particles are 
fractured or displaced from original growth position. 
Lithofacies C is present, with all four basic stromatoporoid 
forms, in the northwestern portion of the state (Fig. 3), which 
includes eastern Burke County, northern Divide County, northern 
Dunn County, northeastern McKenzie County, and Williams County. 
Scattered tabular stromatoporoid forms are present, at similar 
stratigraphic positions, in cores from northern Billingsand 
Bottineau Counties and western Towner County. 
Lithofacies C, in all cases, overlies lithofacies Band generally 
underlies lithofacies D (Figs. 8,9), except in Bottineau County, 
where lithofacies C underlies lithofacies E. In Billings County, 
data are missing due to incomplete core recovery and in Towner 
County, overlying lithofacies have been removed by erosion. 
A low resistivity range seems to be typical of log curves 
of lithofacies C (Fig. 2). This is illustrated in Plates 3 and 4 
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where logs generally exhibit a range of low resistivity in locations 
where lithofacies C is most complete in terms of the four 
stromatoporoid forms. 
Lithofacies D 
Amphiporoids form the dominant constituent in lithofacies D. 
Amphiporoids are identified by their rod-shaped form observed in 
core sample (Fig. 21). In thin section, identification is aided 
by the presence of a prominent axial canal (Fig . 22) . 
Less commonly occurring constituents of lithofacies Dare small 
gastropods, usually disarticulated ostracodes, micro-algal "balls", 
algal "clots", and micrite-coated grains. 
Associated with the amphiporoids are encrusting stromatoporoids. 
The stromatoporoids are generally similar in texture to the tabular 
and dendroid forms. Thamnopora fragments are also present in 
minor quantities. 
Non-skeletal allochems in lithofacies Dare dominated in 
abundance by small peloids . Intraclasts and quartz silt-sized 
particles are also present in low quantities in lithofacies D. 
Stratification in lithofacies Dis coarsely defined by 
amphiporoids located along horizontal or inclined bedding planes 
(Fig. 21). 
Lithofacies Dis generally present in the northwestern portion 
of the state (Fig. 3). This area includes northeastern Burke 
County, north-central Bottineau County, extreme northeastern McKenzie 
County, and Williams County. Lithofacies Dis absent from well 
number 2010 in northwestern Divide County and from well number 2820 
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Fig. 21 . Photograph of amphiporoids with rod-shaped 
form. Lithofacies D. Length of scale is 
· 1.0 inch. Core no. 3086-10.522 . 
Fig. 22 . Photomicrograph of amphiporoid with prominent 
axial canal. Lithofacies D. Width of base 
of photomicrograph is 0.1 inch. Thin section 
no. 4599- 7493.5. 
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in east-central McKenzie County. 
Lithofacies D typically overlies lithofacies C and underlies 
lithofacies E (Figs . 8,9). In south central Williams County, 
lithofacies D overlies lithofacies B. 
Log curves of lithofacies D, illustrated in log ntm1ber 27 on 
Plate 4, mark characteristically thin intervals, are moderate in 
resistivity, and occur above the low-resistivity interval that 
represents lithofacies C. Correlation of the lithofacies D log-interval 
is generally difficult . 
Lithofacies E 
Small peloids, intraclasts, broken ostracodes, and moderate 
amounts of both quartz silt-sized particles and calcispheres form 
the main allocherns of lithofacies E (Fig. 23). Allochems that 
occur in minor abundance include amphiporoids, abraded brachiopods, 
small pelmatozoan fragments, small gastropods, algal "clots", 
algal " sticks", and micrite-coated grains. 
Ostracodes are similar in appearance to brachiopod crustaceans 
that occur in Upper Devonian rocks (Wilson, 1956). Since it is 
difficult to distinguish between the two fossils, it is possible 
that some branchiopods are included here as ostracodes. 
Classification of the algal "sticks" observed in the Birdbear 
is equivocal. The particles (present in both lithofacies Band E), 
illustrated in Figure 14, seem to reflect an algal morphology shown 
by Johnson and Kaska (1965, p. 103, figs. 1,2,5). Wilson (1967, 
p. 295) showed examples of similar-appearing fossils that he 
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Fig. 23 . Photomicrograph of fine-grained peloids and 
abraded ostracode fragments. The peloids shown 
are the constituents of imbricated intraclasts 
illustrated in Figure 25. The ostracodes form 
most of the matrix. Lithofacies E. Length of 
side of photomicrograph is 0 . 1 inch. Thin 
section no . 793-10,354. 
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identified as Styliolina . Specimens of Styliolina, if present in 
the Birdbear, may have been included as algal "sticks". 
Most samples of lithofacies E are structureless, but where 
samples are stratified , cross-stratification dominates (Fig. 24). 
Intraclasts are commonly associated with cross- stratification , 
as illustrated in Figures 24 and 25 . Irnbricated intraclasts, as 
shown in Figure 25, consist of small peloids (Fig. 23) and the 
matrix that contains the intraclasts , consists of broken 
ostracodes (Fig. 23). 
Horizontal stratification (Fig. 26) rarely occurs in lithofacies 
E. Constituents forming the horizontally stratified structures that 
do occur, are usually quartz silt, peloids, and calcispheres 
(Fig. 27) . 
Cryptalgal structures are present in lithofacies E and may 
form most of the stratification illustrated in Figure 27 . Although 
stratifi cation nomenclature in this study follows McKee and Weir 
(1953), cryptalgal is the preferred terminology. Logan et al. 
(1964) discussed the thin laminae that can be produced by algal mats . 
Aitken (1967) argued a preference for appropriate usage of the term 
cryptalgal, which is applied here . 
Lithofacies E rocks are conunonly packstones and,locally , are 
grainstones . The grainstones are generally comprised of peloids 
or ostracodes (Fig. 23). 
The distribution of lithofacier. E in state is not clear. 
Although lithofacies Eis present in the central and northern portions 
of the area of study, the extent of the lithofacies into the remaining 
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Fig. 24. Photograph of cross-bedded structure, imbricated 
intraclasts, and vertical fracture. Figure 25 
is a close-up photograph of the intraclasts. 
Lithofacies E. Length of scale is 1.0 inch. 
Core no. 793-10,354 . 
Fig. 25. Photograph of imbricated intraclasts. Close-up 
photograph of imbricated clasts in Figure 24. 
Figure 23 is a photomicrograph of an intraclast 
and matrix. Lithofacies E. Width of base of 
photograph is 2.6 inches. Core no . 793- 10,354. 
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Fig. 26. Photograph of horizontal stratification. Slightly 
inclined stratification near base of photograph . 
Figure 27 is a photomicrograph of a thin section 
made from samples collected at this interval. 
Lithofacies E. Length of scale is 1.0 inch. Core 
no. 4599-7485. 
Fig. 27. Photomicrograph of quartz silt (A), peloids (B), 
and calcispheres (C). Probably cryptalgal 
laminations. Brachiopod fragments (D) rarely 
occur in this lithofacies. Lithofacies E. Width 
of base of photomicrograph 0 . 1 inch. Thin 
section no. 4599-7485. 
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areas is unclear. Well numbers 27, 100, 291 and 859 are located 
in the peripheral areas; and although t~ese wells contain core, 
recovery was only from the lower portions l)f the formation. Thus, 
core data are inconclusive regarding the total areal extent of 
lithofacies E. Cores from well number 505 in southern Dunn County 
and well number 511 in western Hettinger County do contain rocks 
equivalent in stratigraphic position to lithofacies E. Litholo~ic 
features in the rocks from this position reveal an affinity to 
lithofacies F. (Table 1). 
Lithofacies E generally directly overlies lithofacies D except 
in areas where Dis not developed. In areas where lithofacies D 
is not developed (such as northeastern Dunn County) lithofacies E 
directly overlies C. In eastern Bottineau and western Rolette 
Counties, lithofacies E directly overlies B. 
Log curves of lithofacies E (Fig. 2) are similar to the curve 
exhibiting the moderate r esistivity of lithofacies D. However, there 
is a slight increase in t he gamma-ray curve which probably reflects 
the presence of allochthonous particles. The increased radiation 
may also reflect the presence of carbonaceous material, possibly 
associated with the cryptalgal structures . Highly variable 
resistivity values are also associated with lithofacies E. Logs 
in cross section F-F' on Plate 4 distinctly show an initial increase 
in gamma-radiation associated with lithofacies E. 
Correlation of logs into peripheral areas that contain wells with 
core recovery can indicate the extent of lithofacies E. Correlations 
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in the southwestern area suggest that lithofacies Eis not present 
south of central Dunn County, as indicated by the core from well 
numbers SOS and 511. The extent of lithofacies E in the northeastern 
portion of the area of study is not conclusive from log correlation; 
however, the erosional boundary of subcrop of the Birdbear precludes 
lithofacies extension beyond portions of Towner County (Fig . 3) . 
Lit hof acies F 
Calcispheres and indistinct peloids are the dominant constituents 
in lithofacies F (Fig. 28). Ostracodes, algal "clots", algal "sticks", 
and micrite-coated grains connnonly occur in this lithofacies . 
Gastropods and foraminifers are rarely present. 
Algal "clots" and some calcispheres in the Birdbear are 
equivocal in identity. Algal "clots" from lithofacies F, illustrated 
in Figure 29, bear a resemblance to renalcids (calcareous algae) 
shown by Wray (1971, p . 1364, fig. 7). Calcispheres in the Birdbear 
(Figs. 27,28) are similar to calcispheres in the Duperow Formation 
as shown by Rich (1965). However, Rich (1965) and Wilson (1967) 
classify certain calcispheres as the foraminifer, Umbellina, 
primarily on the basis of fortuitous thin section cuts that show an 
approximately 40 micrometer opening in the wall of the sphere. This 
is not conclusive evidence of foraminiferal occurrence because 
Marszalek (1975) shows the same type of opening in calcispheres from 
the modern dasycladacean, Acetabularia. 
Non-skeletal allochems include quartz silt, intraclasts, and 
small ooids. The quartz silt occurs in greater abundance in this 
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Fig . 28. Photomicrograph of calcispheres . Lithofacies F. 
Length of side of photomicrograph is 0.1 inch. 
Thin section no . 4599-7479. 
Fig. 29. Photomicrograph of algal "clots" (renalcids ?) . 
At A, only a ghost-like outline of an allochem 
is preserved; the allochem probably served as a 
substrate for some of the algae. Lithofacies F. 
Length of side of photomicrograph is 0.1 inch. 
Thin section no. 286-4053 . 
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lithofacies than in lithofacies E. Intraclasts in lithofacies F 
are typical ly large (Fig. 30). The small ooids occur rarely, 
are scattered, and usually are associated with ostracodes . The 
ooids exhibit concentric , radial-axial structure. Barrel- shaped 
anhydrite crystals (Fig. 30) and anhydritic nodules (Fig. 31) 
also occur in lithofacies F. 
Rock structures in this lithofacies include cryptalgal 
(Fig. 30), inclined-stratification (Fig. 32), and mottling (Fig. 33) . 
A range of rock types is present in lithofacies F. Packstones 
are the most conunon, followed by wackestones and grainstones, both 
occurring locally. Boundstones dominate where cryptalgal structures 
are present. 
Lithofacies F generally overlies lithofacies E (Fig. 9) 
throughout the study area except in Hettinger and Rolette Counties. 
In these counties, lithofacies E overlies B. In all areas with 
wells that recovered core from the stratigraphic position of 
l ithofacies F and G, lithofacies F underlies lithofacies G (Fig . 8). 
The relatively high garrana-ray response in the geophysical 
logs of the Birdbear generally corresponds to lithofacies F (e . g ., 
log number 24, cross section E-E', Plate 4) . Highly variable 
resistivity values usually accompany the gamma-ray response for 
lithofacies F. 
Lithofacies G 
Non- skeletal allochems are the dominant constituents in 
lithofacies G. Dolomitic mud-sized particles, quartz silt-si zed 
and sand- sized particles (Fig. 34) are the characteristic constituents 
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Fig. 30. Photograph of large intraclasts, cryptalgal 
structure, and barrel-shaped anhydrite crystals. 
Lithofacies F. Length of scale is 1.0 inch. 
Core no. 4599-7478. 
Fig. 31. Photomicrograph of anhydritic nodules . Voids 
(A) are in the shape of nodules and may be 
incipient birdseye structure. Lithofacies F. 
Width of base of photomicrograph is 0.1 inch. 
Thin section no. 110-4093. 
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Fig. 32. Photograph of possibly storm-derived, inclined 
stratification. Lithofacies F . Length of 
scale is 1 . 0 inch. Core no. 511-8956 . 
Fig . 33. Photograph of mottled structure. Lithofacies F. 
Length of scale is 1 . 0 inch . Core no. 286-4050. 
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in this lithofacies. Intraclasts (Fig . 35), distorted anhydritic 
nodules (Fig . 36) which are composed of felted-crystals (Fig . 37), 
and barrel-shaped crystals of anhydrite (Fig. 38) are other 
constituents; all are usually rare to common in abundance. Minor in 
abundance are indistinct burrow networks (Fig. 35). 
Ostracodes, calcispheres, peloids and micrite-coated grains 
occur rarely in lithofacies G. Horizontal and inclined-stratification 
are common structures in this lithofacies (Figs . 35,36). 
Cross-stratification occurs only rarely. Cryptalgal structures 
(Figs. 34,35) and enterolithic-structured anhydrite are common to 
rare in abundance in lithofacies G. 
All studied wells that have recovered core from the uppermost 
Birdbear contain lithologic and other features characteristic of 
lithofacies G. Thus, lithofacies G is probably present throughout 
the area of Birdbear occurrence. 
Anhydrite and related features are best developed in cores from 
wells in Bottineau County (Fig. 3) . Development of these features 
also occurs in Hettinger County. 
Lithofacies G occurs overlying lithofacies F (Fig. 8) in all 
cores that contain both lithofacies . Constituents common to 
lithofacies Falso occur within lithofacies Gin several cores 
(e.g. in well numbers 286, 505, 793, 2602, 4599). However, the 
intercalated constituents do not contain features (Table 1) as 
well developed as those in the initially occurring lithofacies F. 
Log-curves of lithofacies G cannot be distinguished from 
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Fig. 34. Photomicrograph of dolomitic mud (A), and quartz 
particles (B) . Very thin laminations are probably 
cryptalgal structures . Lithofacies G. Width 
of base of photomicrograph is 0 . 1 inch . Thin 
section no. 286-4039. 
Fig. 35. Photograph of dolomudstone with intraclasts (A), 
indistinct burrow networks (B), cryptalgal 
structures (C) , and probable erosional 
surface (D). Lithofacies G. Length of scale 
i s 1 . 0 inch. Core no. 286-4035. 
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Fig. 36. Photograph of distorted, mosaic anhydrite 
nodules , and thinly laminated (cryptalgal ?) 
dolomudstone. Lithofacies G. Length of 
scale is 1.0 inch. Core no. 286-4046. 
Fig . 37. Photomicrograph of felted, anhydrite crystals. 
Lithofacies G. Length of side of photograph 
is 0.065 inch. Thin section no. 286-4046.8. 
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Fig. 38. Photomicrograph of a barrel-shaped, anhydrite 
crystal in a dolomudstone. Lithofacies G. 
Width of base of photomicrograph is 0 .1 inch 
across. Thin section no. 4599-7471.8. 
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lithofacies F. Curves corresponding to both lithofacies exhibit a 
highly variable resistivity and a relatively low gamma-ray value . 
Together, these curves can be correlated throughout most of the 
extent of the formation, as shown in the cross sections on 
Plates 3 and 4. 
LITHOFACIES INTERPRETATION 
Introduction 
Comparison of lithologic and other features (Table 1), with 
modern carbonate producing provinces, and the relationship between 
lithofacies A to Gin the Birdbear Formation (Figs. 8,9), indicate 
that deposition of the Birdbear occurred in a warm, shallow-water 
marine to supratidal setting. 
During early Birdbear time a restricted shallow-water 
environment transgressed over deposits of the uppermost Duperow 
Formation (Fig. 9). Sediments representing shallow normal-marine 
conditions dominate the lower Birdbear. By middle Birdbear time, 
bank, back-bank, restricted shallow-water, and supratidal 
(supralittoral) conditions developed in the area (Fig. 39). 
During late Birdbear time, restricted shallow-water, supratidal, 
and locally, sabkha conditions prevailed in the study area. 
Lithofacies A 
Rocks of the basal Birdbear directly overlie calcareous and 
argillaceous shales of the Duperow Formation, and are interpreted 
as restricted, shallow-water sediments. 
Shallow-water conditions are indicated by the occurrence of a 
euryhaline fauna and associated constituents. Ostracodes possess 
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Fig. 39. Map showing the location of depositional 
environments in North Dakota during middle 
Birdbear time. 
location of Depositional Environments in North OaJc:ota During Middle Birdbear Tine 
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a high tolerance for large fluctuations in salinity and temperature 
(Heckel, 1972), and typi.cally occupied various habitats, as shown by 
Laporte (1969). Although ostracode occurrence alone is not 
environmentally diagnostic, the association with gastropods and 
peloids can indicate restricted, shallow-subtidal to intertidal 
conditions (Illing et al., 1965; Lucia, 1972). 
Inclined and horizontal stratification indicate shallow-water 
hydraulic conditions (Hardie and Ginsburg, 1977). These features 
are illustrated in Figure 10. Angular intraclasts with internal 
stratification, and rounded intraclasts similar in color and general 
composition to the underlying Duperow shale (Fig. 10), are also 
indicative of shallow-water energies. 
Studies of rocks from the upper Duperow Formation in 
Saskatchewan, Alberta, and Montana indicated that shallow-water 
and emergent conditions dominated during late Duperow time (Kent, 
1968; S. Halabura, graduate student, University of Saskatchewan, 
Regina, personal communication, 1982). This suggests that shallow-water 
conditions were present throughout the general region during earliest 
Birdbear time. The occurrence of lithofacies A throughout the area 
of study is represented in Figure 9 as the lower most lithofacies. 
Lithofacies B 
Lithofacies B was deposited in a shallow, normal-marine 
environment. According to Laporte (1967), a high diversity of fauna 
is characteristic of subtidal, marine environments and of normal 
salinity and temperature. Brachiopods and pelmatozoans are 
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stenohaline organisms (Heckel, 1972), thus their occurrence signifies 
normal-marine conditions during deposition of lithofacies B. 
Other fossils from the fauna can indicate normal-marine conditions. 
Globular or hemispheroid stromatoporoids are indicative of relatively 
quiet water conditions (Dolphin and Klovan, 1970; Stearn, 1975). 
Laporte (1967) reported the presence of small rugose corals in subtidal 
facies of the Manlius Formation. Occurrence of these fossils in 
lithofacies B implies subtidal conditions. 
According to Wilson (1975, p. 298), intraclasts, fine-grained 
peloids, and wackestones are conunon constituents of subtidal facies. 
Modern subtidal carbonate environments usually have an abundance of 
peloids and burrows (Laporte, 1967; Hardie and Ginsburg, 1977). 
Although a diagenetic origin for peloids has been suggested (Bathurst, 
1971, p. 512), peloids in the Birdbear are probably primary, as 
material adjacent to the peloids has not been severely altered. The 
occurrence of burrows (Fig. 15) and peloids in lithofacies B 
suggests a subtidal, depositional environment. 
Most carbonates deposited in subtidal environments are 
structureless due to extensive sediment bioturbation (Wilson, 1975, 
p. 209; Hardie and Garrett, 1977a). Additional evidence of a 
subtidal origin for lithofacies Bis the general homogeneity of the 
rock (except for diagenetically-induced mottling). The lateral 
distribution of lithofacies B {Fig. 9) implies that normal-marine 
subtidal conditions occurred throughout the study area (Fig. 3). 
Vertical lithofacies relationships (Figs. 8,9) are evidence that 
84 
normal-marine conditions were preceded only by the restricted 
conditions responsible for lithofacies A. 
Lithofacies C 
Lithofacies C represents a bank-type buildup (Heckel, 1974) 
which is composed mainly of stromatoporoids. 
Water-energy regimes can be indicated by stromatoporoid shapes 
(Jamieson, 1971; Abbott, 1973; Stearn, 1975). The main, more 
resistive portion of the bank is probably represented in lithofacies 
C by tabular stromatoporoids (Fig. 17) . Globular and hemispheroid 
shapes (Fig. 16) may indicate basal-bank conditions, and dendroid 
stromatoporoids with associated oncoids, suggest a protected yet 
agitated, shallow environment. 
The solenoporacean Parachaetetes is said to have preferred 
shallow, normal-marine conditions during the Devonian (Riding, 1979). 
Modern oncoids are reported to grow in shallow water (Logan et al., 
1964). Occurrence of oncoids (Fig . 18) and the calcareous alga, 
Parachaetetes, in the upper portions of lithofacies C is suggestive 
of shallow-water conditions during deposition. 
The corals Thamnopora and syringoporoid in lithofacies C 
connnonly exhibit a commensal relationship with some stromatoporoids 
(Figs. 17,19). Thamnopora can indicate strongly-agitated water 
conditions, especially when in a commensal relationship with 
stromatoporoids (Jamieson, 1971). Thus, Thamnopora occurrence supports 
relatively high-energy conditions interpreted for lithofacies C where 
tabular stromatoporoids occur (Fig. 17), Syringoporoids are mostly 
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cosmopolitan within lithofacies C, and are thus not useful energy 
indicators. 
In sununary, a range of water- energy regimes can be inferred from 
the constituents and stromatoporoid shapes in lithofacies C. 
Globular-shaped stromatoporoids are the first indication of shallowing, 
bathymetric conditions. Usually disrupted, tabular-shaped 
stromatoporoids associated with Thamnopora indicate strong agitation, 
and probably formed the main crest of the bank. Dendroid- shaped 
stromatoporoids associated with oncoids and Parachaetetes imply 
protected, shallow-water conditions. 
Figures 8 and 9 illustrate the relationship of lithofacies C 
to adjacent lithofacies . This general relationship is also shown 
in Figure 39. Variation of vertical relationships, demonstrated 
by lithofacies E overlying lithofacies C in Bottineau County, indicates 
that lithofacies D was not always adjacent to C. An explanation may 
be that bank environments were not a continuous physiographic feature . 
Instead, the bank environment was probably composed of several 
individual banks that eventually coalesced. 
Whether lithofacies Dor E overlies C depended on the rate of 
bank coalescence, areal extent of back- bank environments (lithofacies 
D), and rate of onlap of lithofacies E. In Bottineau County it is 
possible that the back-bank environment did not fully develop . 
Lithofacies D 
Amphiporoids are characteristic of semi-protected , shallow 
back-bank, or lagoonal areas (Jamieson, 1971; Krebs, 1974; Stearn, 
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1975). The coral Porites is a probable modern-day counterpart in 
general form and habitat (Baars, 1963, photo on page 111; Jamieson, 
1971) . According to Heckel and Witzke (1979, p . 118), amphiporoids 
flourished in areas of elevated temperature, high oxygenation, and 
considerable light, and withstood frequent fluctuation of salinity 
and water energy. 
The narrow lateral distribution of lithofacies D could be 
explained by the fact that the environmental conditions postulated 
would probably occur only locally. Since individual stromatoporoid 
banks could localize shallow, semi- protected areas and low- water 
energies, the amphiporoids probably favored these sites. 
The overall paleogeographical reconstruction for middle Birdbear 
time, shown in Figure 39, is a generalization based on the control 
points available. The vertical relationship of lithofacies D to 
bounding lithofacies (Fig. 8) implies the lateral relationship shown 
in Figure 39 after substantial coalescence of banks. The envisioned 
relationships of the depositional environments represented by 
lithofacies C and Dare shown in Figure 9. 
The horizontal stratification and upward-increase of carbonate 
mud shown in Figure 21 could be explained by initial, regular 
(daily?) water flow , and less frequent or intense flow, subsequently . 
Lithofacies E 
The depositional environment of lithofacies Eis interpreted as 
a partially restricted, usually high-energy environment (Figure 9). 
Illing et al. (1965) and Lucia (1972) indicated that small 
87 
gastropod, peloidal packstones are indicative of shallow subtidal 
to intertidal depositional environments. Both gastropods and 
amphiporoids are interpreted as representative of this environment by 
Krebs (1974). Peloids are particularly prominent in quantity in 
modern, shallow subtidal to intertidal environments (Hardie and 
Ginsburg, 1977). In addition, Klovan (1964) showed Devonian back 
reef areas to be abundant in calcispheres, small gastropods, 
and amphiporoids. 
Cross-stratification in lithofacies E indicates substantial 
hydraulic flow. Relatively steep bedding planes and imbricated, 
angular intraclasts, illustrated in Figures 24 and 25, also imply 
substantial water energy. 
Horizontal stratification (Figs. 26,27) may be due to flow 
sheets of water (Hardie and Ginsburg, 1977). The mucilaginous 
property of algal mat surfaces, acting as collection sites for 
sediments, may also result in horizontal stratification (Aitken, 
1967). The thin, horizontal laminae formed by small- to medium-sized 
particles (Fig. 27) are probably cryptalgal. 
Many samples of rocks of lithofacies E do not contain any 
stratification. Structureless rocks from lithofacies E are 
interpreted as a consequence of bioturbation. 
The paucity of cross bedding in lithofacies E would at first 
imply that high energy water conditions were not a connnon phenomena. 
It should be noted, however, that bioturbation probably obliterated 
most evidence of high-energy conditions. Areas between bank ridges 
or channels in back-bank areas could probably sufficiently concentrate 
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water-energy (e.g., tidal or storm-induced movement) to result in 
cross-bedding. 
Lithofacies F 
Constituents of lithofacies F (Table 1) and the relationship of 
lithofacies F to bounding facies (Fig. 9) suggest a restricted, 
mostly low-energy depositional environment. 
Klovan (1964) and Laporte (1969) both considered peloids and 
calcispheres as characteristic of high intertidal or low supratidal 
environments. Marszalek (1975) reported that the modern alga 
Acetabularia flourishes in shallow (few meters) water. Indistinct 
peloids and calcispheres are abundant in lithofacies F (Table 1, 
Fig. 28), and the general paucity of a variety of fossils indicates 
restricted conditions. 
Ooids and micrite-coated grains can originate in supersaturated 
pools, perhaps agitated by winds (Bathurst, 1971, p. 301; Friedman, 
et al., 1973). Grains could be coated either chemically or 
organically (Loreau and Purser, 1973). The occurrence of ooids and 
coated grains in lithofacies F indicates shallow, locally-restricted 
conditions. 
Desiccation features, such as mudcracks and birdseye features, 
are characteristic of high intertidal and supratidal environments 
(Fischer, 1964; Shinn et al., 1969; Lucia, 1972). These features 
have not been observed in the Birdbear. An explanation may be that 
the living algal mat was so cohesive during dry periods that cracks 
would not form (Wanless, 1975). It is also possible that individual 
muddy laminae were too thin for cracking (Hardie and Ginsburg, 1977). 
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As rnudcracks from high-intertidal environments are customarily 
tiny (Hardie and Ginsburg, 1977), cracks may not be easily 
recognized, or are readily obliterated by diagenesis. The reason 
for lack of definite birdseye structures in Birdbear rocks is not 
clear; however, Figure 31 contains what appears to be incipient 
birdseye structures. 
Intraclasts and dolomitic mud are common in high intertidal, 
supratidal areas, according to Kinsman (1969), and Hardie and 
Ginsburg (1977). The combination of dolomudstone, intraclasts, and 
cryptalgal structures (Fig. 30) indicates further evidence of this 
depositional environment for lithofacies F. 
In summary, sediments of lithofacies F were probably deposited 
in a high-intertidal, low-supratidal complex. Salient evidence 
includes: paucity of fossil-fauna, dominance of calcispheres and 
peloids, presence of dolomudstone, cryptalgal structures, and 
barrel-shaped anhydrite crystals. Occurrence of large intraclasts 
indicates sporadic periods of high energy. 
Lithofacies G 
A supratidal depositional environment is interpreted for 
lithofacies G. Areas of a Persian Gulf, Abu Dhabi-type supratidal 
(sabkha) conditions, as described by Kinsman (1969) and others 
(Butler, 1969; Shearman, 1978), are believed to have occurred 
locally. 
According to Illing et al. (1965), Roehl (1967), and Shinn 
et al. (1969), algal mats (typically represented in the rock record 
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by cryptalgal structures, Fig. 34), dolomudstone (Fig. 35), and a 
sparse fossil-fauna (lithofacies G, Table 1) are usually characteristic 
of a supratidal environment. Butler (1969) documented the dominance 
of fine-grained mudstone (subsequently altered to dolomite) in the 
supratidal environment. Laporte (1967) reported that dolomudstones 
are a characteristic lithology of the supratidal facies in the 
Devonian Manlius Formation in New York. 
Silt and sand quartz particles in lithofacies G were probably 
transported into the supratidal environment by offshore air 
movement--a process similar to that described by Shinn (1973) 
occurring in the Persian Gulf coastline. Treesh and Friedman (1974) 
also explained the occurrence of rounded, quartz sand in an ancient 
sabkha facies as a result of eolian transport of terrestrial 
material. 
DEPOSITIONAL MODEL 
The depositional model proposed for the Birdbear Formation is 
illustrated in Figure 9. The basal portion of the formation 
(lithofacies A, Figure 8) was probably deposited in a mostly 
restricted shallow-water environment. This environment was present 
during development of increasing depth of the sea at the beginning 
of Birdbear time. 
The major single portion of the formation (lithofacies B) 
was probably deposited in the low energy zone (Fig . 9) equivalent 
to a subtidal environment. 
Progressive shallowing conditions through time developed 
during deposition of the upper portions of lithofacies B. This 
resulted in the development of epeiric-sea sedimentation which 
produced characteristic lithologic and other features of the main 
part of Birdbear (Table 1). These features are here divided into 
four lithofacies (B,E,F,G) representative of energy and sedimentation 
zones in the epeiric sea and are schematically illustrated in 
Figure 9. 
Superimposed on the epeiric setting are organic bank-buildups, 
composed primarily of stromatoporoids (lithofacies C) . Associated 
with the banks are back-bank areas that are composed mostly of 
amphiporoids (lithofacies D). Transposition of energy zones, 
descr ibed below, in a manner similar to that described by Irwin (1965, 
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p. 451),probably occurred and surrounded the build-ups. Since 
the build-ups are within the low-energy zone, and effectively 
"isolated" from the shoreward energy zones (Fig. 9), a bulls-eye 
pattern of lithofacies would probably develop about individual 
banks. 
Vertical distribution of lithofacies C (Fig. 8) suggests that 
the banks flourished during middle Birdbear time. The lateral 
distribution of lithofacies C implies that the bank(s) depositional 
environment was widely developed during middle Birdbear time 
(Fig . 39). 
The progressive development of a given bank, as shown in 
Figure 9, to a complex of mostly coalescent banks would suggest 
that depositional processes also began to merge. The result is a 
bank-complex area with adjacent, shallow-water to supratidal 
environments (Fig. 39) . 
The upper lithologic boundary of lithofacies C and D (Fig. &) 
indicates that conditions necessary for stromatoporoid and 
amphiporoid growth ceased by latest middle(?) or earliest late(?) 
Birdbear time. The bank and back-bank areas were then offlapped 
by sediments of increasingly shallow-water conditions. The 
resultant vertical column of lithofacies B to G (Fig. 8) is similar 
to that illustrated by James (1979) for an upward-shallowing 
carbonate facies sequence. 
The picture that emerges from this study, for Late Devonian 
sediments deposited during Birdbear time, is a depositional regime 
93 
ranging from shallow, epeiric-sea conditions to supratidal or 
supralittoral conditions . Lithofacies constituents and relationships 
are similar to those expected as a result of sedimentation in an 
ancient epeiric sea, as described by Shaw (1964) and Irwin (1965), 
and a combination of conditions from present-day Abu Dhabi coast, 
as described by various authors (Butler, 1969; Kinsman, 1969; 
Shearman, 1978), with conditions from the present-day Bahamian 
Andros Island area, as described by Shinn et al . (1969) and by Hardie 
(1977). 
The generalized model for epeiric sea sedimentation theorized 
by Shaw (1964) and Irwin (1965) emphasized sea-bottom slopes of 
extremely low orders of magnitude (0.1-1.0 foot per mile) over an 
epicontinental basin. Results of bottom friction on wave or tidal 
energy in the shallow areas, create wide bands, generally parallel 
to the shore, of characteristic sediment types and structures. 
In concept, based on hydraulic, chemical and biologic factors, 
three laterally adjacent energy zones of sedimentation were 
established. In general, the three energy zones (Fig . 9) envisioned 
by Shaw (1964) and Irwin (1965) are listed below: 
1. A low-energy zone, laterally extensive and whose sea floor is 
insulated from normal wave action. Depositional processes in 
this zone would be similar to a subtidal environment. Sediments 
are generally fine-grained. Unabraded allochems from normal 
marine fauna would form some of the lithologic features. 
2. A high-energy zone bounded by the position where normal wave 
activity first impinges on the sea floor to where tidal and oceanic 
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wave action are mostly dissipated by drag from bottom 
friction. Sediments in this zone usually form packstones 
and grainstones. 
3~ A low-energy zone, extending fromthe high-energy zone to the 
shoreline and generally containing extremely shallow water. 
While this zone is primarily free from open-sea waves and 
daily tides, water column disturbance is by winds or storms, 
and density currents typically "turn over" the water column. 
The shallow nature of this zone creates restricted conditions 
since exchange with open-sea water is limited. Faunal diversity 
is low in this low-energy zone. 
A zone landward of the shallow, low-energy zone, usually termed 
supralittoral or supratidal (Hardie, 1977, p. 1) is also considered 
here. This zone extends from the extremely shallow-water, 
low-energy zone to a more landward point beyond normal carbonate 
sedimentation. Sediments in this zone are derived from sources 
in both landward and shoreward directions. Fine-grained sediments 
from terrestrial sources may be transported into this zone by 
eolian processes (Shinn, 1973). Shallow-water areas may contribute 
sediments placed in suspension or traction, and brought into the 
supratidal zone, by infrequent high-water conditions caused by 
storms (Hardie and Garrett, 1977b). 
Operating concurrently with the epeiric-sea depositional model 
proposed for the Birdbear are localized areas of sedimentation; 
this is based on evidence in lithofacies E, F, and G. 
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An Abu Dhabi-type sabkha deposition probably operated in areas 
that, for example, produced features presented in Figures 31, 36, 
and 38 . Processes that produce features similar to these have 
been documented from Abu Dhabi by Shearman (1978, pp . 13, 15) 
and McKenzie et al . (1980, p. 13). Anhydrite and gypsum 
originated in the Abu Dhabi sabkha as a result of evaporative 
concentration of fluids. In situ products typically form and the 
growth process usually displaces the matrix (Figs . 31 , 36) . 
Development of sabkha conditions in the Birdbear took place 
in the supratidal area (Fig . 9). Although not clear in the rock 
record, areal distribution of sabkha processes during deposition 
of the Birdbear were probably controlled by specific hydrological 
and chemical regimes. Operation of these regimes in localized 
areas may account for selective development of the character istics 
features presented. 
The second, mostly localized, area of characteristic 
sedimentation is associated with the area of the stromatoporoid 
banks. During proliferation of the stromatoporoids in the 
bank-complex area (Fig. 39), sedimentological processes that are 
similar to some modern carbonate processes probably operated 
locally . 
Shinn et al. (1969) and Hardie (1977) documented sedimentologic 
features from the Andros Island area that are similar to select 
lithologic features in the Birdbear. Figures 24, 26, 27, and 30 
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illustrate intraclasts and stratification types from lithofacies 
E and F that are similar to those documented from the present-day 
tidal flats of Andros Island. Shinn et al. (1969), p. 1211) 
described sand-sized pellets mixed with eroded mud-chips 
(see Fig. 24). Similarily, Hardie and Ginsburg (1977, pp. 41, 
56, 58, 60, 90) illustrated and described imbricated intraclasts, 
laminated peloids and allochems, and cross-bedded carbonate sands 
that closely match features in Figures 24, 26, 27 and 30. 
Spatial relationships of these select features in the Birdbear 
tends to support the interpretation of an intimate association 
with the "littorally-isolated" stromatoporoid banks. The range of 
depositional energies documented on the Andros Island tidal flat 
(Hardie, 1977) implies that the depositional environment of the 
characteristic features in the Birdbear were within an area 
influenced by daily hydraulic events, such as near the stromatoporoid 
bank-complex area. 
In sunnnary, a shallow epeiric-sea setting is proposed as a 
model of deposition that operated during deposition of Birdbear 
sediments in the study area. Various lithologic and other features 
in the Birdbear indicate that localized depositional processes 
operated mostly simultaneously with epeiric sedimentation. Based 
on characteristic features found in modern environments, two models 
of deposition are proposed. These models are: (1) the daily 
mechanical energy regime similar to the type operating in the 
Andros Island environment, and (2) the hydraulic and chemical regimes 
similar to those present in the Abu Dhabi sabkha. 
STORM-DERIVED FEATURES 
Onshore storms are the main mechanism of erosion and 
deposition in portions of some modern carbonate environments 
(Hardie and Garrett, 1977b) . The effects of storm processes can be 
observed in sediments from subtidal (at least 150 feet deep), to 
supratidal environments (Ball et al., 1967; Hardie and Garrett, 
1977b). Storm-generated features are present in the Birdbear 
Formation. 
Storm effects in shallow epeiric seas would be especially 
significant in terms of affecting large areas of shallow subtidal 
zones. The storm energy could be readily delivered to the bottom 
sediments at shallow depths. Shaw (1964, p. 27) suggested that 
areally extensive, sea-bottom exposure could occur in the shallow 
regions in an epeiric sea as a result of intense storms. Upon 
refilling ("transgression") some form of an erosional lag would 
probably be developed. 
Sporadically occurring, partially graded, thin beds of 
gastropod packstones in lithofacies B of the Birdbear are probably 
a result of intense storms (Figs. 13,14). A "freakish occurrence" 
of a coarse-grained zone in fine- grained , subtidal sediments has 
been docwnented by Ball et al. (1967, p . 590) in the modern 
environment. 
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Storms and resultant sheet-flows are probably a major transport 
process in the intertidal environment (Hardie and Ginsburg, 1977; 
Purdy and Imbrie, 1964) . The layering shown in Figures 24 and 26, 
and imbricated clasts illustrated in Figure 25, may be explained 
as a result of transporting currents generated by storms. 
The presence of large, angular and smaller intraclasts, shown in 
Figure 30, suggest the occurrence of high-energy conditions. Hardie 
and Ginsburg (1977) indicated that storms sufficient in strength to 
move particles as large as the clast shown in Figure 30 have occurred 
on Andros Island. The thin laminations illustrated in Figure 30 may 
represent fine-grained particles transported by storm surges onto 
the supratidal area. These small particles would readily adhere to 
any mucilaginous algal surfaces present on the supratidal surfaces. 
Hardie and Garrett (1977b) indicate a similar scenario on Andros 
Island. 
The Birdbear core illustrated in Figure 32 probably 
represents sediments deposited during storms (light areas in the 
core), alternating with cryptalgal structures (dark areas). 
Hardie and Ginsburg (1977, p. 105) show a core taken from the modern 
supratidal area that is almost identical in appearance to Figure 32. 
They interpreted the modern core as representative of hurricane 
processes and algal growth. 
Modern storms occur so infrequently as to classify them 
catastrophic yet they would be considered commonplace in the framework 
of geologic time (nall et al., 1967). Based on documentation of the 
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effects of modern storms, it is evident that storms occurred during 
deposition of the Birdbear. 
From this study, it is believed that storm-induced sedimentation 
is a dominant depositional processes in any shallow epeiric sea and, 
specifically, in the late Devonian Williston Basin epeiric sea. 
Figure 40 swmnarizes typical Birdbear sedimentologic features, 
and their interpreted depositional environments, that are probably 
a result of storms. In the regions where day-to-day organic churning, 
and tide, wave, or wind processes are affecting sediments, clear 
evidence of storm-induced material net gain or loss is usually 
destroyed. In other regions, such as the supratidal area, 
accumulation and preservation of storm features is the greatest 
(Fig. 40). 
The Andros Island and Abu Dhabi sabkha models superimposed on 
a shallow, epeiric-sea setting seem to explain most of the 
lithologic features present in the Birdbear . Irwin (1965, p. 450) 
recognized the major role that storms have on sedimentation in the 
low-energy, shallow, restricted zone (Fig. 40). Ball et al. (1967) 
documented several effects of a modern coastal storm that were 
present throughout the depositional environment, from subtidal to 
supratidal. Schreiber and Hs~ (1980) indicated that storm surges 
can pile marine waters across the Abu Dhabi sabkha. They suggested 
that the surge is probably documented in the rock record as very 
thin laminae. The Andros Island study led Hardie and Garrett 
(1977b, p. 184) to write, "onshore storms are the exclusive mechanism 
of deposition" on the Andros tidal flats. 
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Fig. 40. Diagram of energy zones in an epeiric sea and 
the relative quantity of preserved, 
storm-derived, sedimentary features. 
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DIAGENETIC FEATURES 
Introduction 
The objective of this section of the thesis is the identification 
of diagenetic responses of Birdbear lithologies. Recognition of 
diagenetic features is based mainly on the study of over 500 thin 
sections from Birdbear rocks. Descriptions of thin-section samples 
are in Appendix B. 
Table 2 presents a sunnnary of Birdbear diagenesis with a list 
of diagenetic features which correspond to lithofacies, diagenetic 
zones, and processes. The table lists thirty-three main diagenetic 
features that occur in the Birdbear. 
The two most significant diagenetic features found were 
dolomites and pressure-response features. Cores from the 
north-central, northeastern and southwestern regions of the study 
area recovered Birdbear rocks that are almost completely composed of 
dolomite. Recognition of distinct lithofacies within the dolomitic 
intervals is usually not possible due to complete diagenetic 
obliteration of original features. 
Nodules and stylolites are pressure-response features that are 
usually characteristic of lithofacies B. Vertical and lateral 
distribution of lithofacies Bin the study area is greater than 
other lithofacies (Figs. 8,9); hence distribution of nodules and 
stylolites is equally extensive. Microstylolites, in-place-generated 
102 
103 
(in situ) intraclast s , broken grains, and other pressure response 
features are also present in the formation. 
Calcite 
The several types of calcite present in the Birdbear (Table 2) 
are divided into two categories. Criteria used for differentiation 
of the categories is based on the location of crystal growth: 
primary crystals occur in void spaces; and secondary crystals 
occur in locations of non-void space. Void-filling, or primary 
calcite, in the Birdbear Formation usually occurs as dogtooth-shaped 
or coarse fibrous crystals on void margins (substrate). These 
crystals were commonly followed by a mosaic of near-equant calcite 
crystals that filled the remainder of the void (Figs. 41,42). 
Other types of primary calcite occur as isopachous rims of bundled, 
fibrous calcite that typically form coatings on particles and as 
drusy, void-filling calcite . 
The distribution of dogtooth, and mosaic, calcite cements 
in the formation usually occurs in lithofacies B, C, and less 
co11U11only, D. Distribution of fibrous calcite is generally restricted 
to lithofacies F and G, and, rarely, D and E. Drusy calcite cement 
is present only in the northeastern portion of the study area. 
Optically continuous (syntaxial), crystalline calcite, generally 
associated with some pelmatozoan fragments, may be classified as 
either void-fill or non-void-fill calcite. If the syntaxial calcite 
grew into primary void space, the calcite would be considered 
void-fill. Since Birdbear pelmatozoan fragments generally occur in 
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Fig. 41. Photomicrograph of fibrous-shaped (A) and mosaic (B) 
crystals of calcite . Peloids commonly act as 
substrate for growth-sites of crystals . Lithofacies 
G. Width of base of photomicrograph is 0.065 inch . 
Thin section no. 286-4024.4. 
Fig. 42 . Photomicrograph of dogtooth-shaped (A), mosaic (B), 
and neomorphic (C) crystals of calcite. The 
neomorphic (C) calcite can be divided into 
microspar (1) and pseudospar (2) . Lithofacies B. 
Width of base of photomicrograph is 0.027 inch. 
Thin section no . 2967-10,586 . 
105 
106 
mud-supported rocks, primary void space is not probable. The 
syntaxial overgrowths are considered, in this case, to be secondary 
calcite. These overgrowths, composed of secondary calcite, 
formed in the matrix surrounding the pelmatozoan fragment as it 
grew from the fragment surface. 
Secondary or non-void-fill calcite is generally termed 
neomorphic (recrystallized, degraded, or inverted) or replacement 
calcite (Folk, 1965). Microspar and pseudospar are the most 
commonly occurring neomorphic calcite crystals present in the 
formation (Figs. 42, 43). Microspar is micrite that has 
recrystallized to larger sized crystals, generally 0.000197 to 
0.0002364 of one inch in diameter but ranges from 0 . 0001576 to 
0.001182 of one inch in diameter (Folk, 1965, p. 37). Pseudospar is 
a coarser neomorphic calcite that forms by inversion of fauna! 
skeletons or by recrystallization of calcite (Folk, 1965, p. 42) . 
Figure 42 illustrates both types of pseudospar. Figure 43 shows 
both inversion of skeletal allochems to pseudospar (assuming that 
the original composition was aragonite or high-magne~ium calcite), 
and micrite recrystallization to pseudospar. 
An uncommon pattern of pseudospar is illustrated in Figure 44. 
Pseudospar is ubiquitous in this sample and, in localized zones, it 
forms subparallel " fences" comprised of vertical, elongated crystals 
of calcite. 
Distribution of microspar and pseudospar is generally restricted 
to lithofacies Band C, and, less commonly, to lithofacies D, E, and F, 
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Fig. 43. Photomicrograph of micrite that bas recrystalized 
to pseudospar (A), and inversion of a skeletal 
grain to pseudospar (B). Lithofacies B. Length 
of Ride of photomicrograph is 0 . 1 inch . Thin 
section no. 2887-9227. 
Fig. 44. Photomicrograph of ubiquitous pseudospar and 
" fences" of pseudospar . Indistinct 
microstylolites are present and trend subparallel 
to the pseudospar "fences. " Lithofacies B. 
Length of side of photomicrograph is 0.1 inch. 
Thin section no . 2828-11,452 . 
108 
109 
Pseudospar "fences" generally, occur in lithofacies B, typically 
near stylolites. 
The second type of secondary calcite, replacement calcite, is 
also present in the Birdbear. Figure 45 illustrates small, equant 
crystals of calcite in association with coarse crystalline dolomite. 
Replacement calcite is rare in the formation and restricted to the 
northeastern portion of the state. 
Dolomite 
Dolomite in the Birdbear occurs in four different crystal sizes 
and relative abundances: (1) abundant, fine-euhedral or 
microcrystalline, dolomite rhombs (Fig. 46); (2) medium to coarse, 
euhedral crystalline (sucrosic) dolomite usually pervasive within 
intervals (Fig. 47); (3) commonly scattered, fine to medium, euhedral 
crystalline dolomite (Fig. 48); and (4) large dolomite rhombs with 
undulatory extinction patterns (Figs. 49, 50) , called saddle dolomite 
by Radke and Mathis (1980) . 
Distribution of fine-euhedral or microcrystalline dolomite and 
saddle dolomite in the Birdbear tends to be lithofacies-specific 
(Table 2). Microcrystalline dolomite is generally present in 
lithofacies F and G. Saddle dolomite usually occurs in lithofacies D. 
Medium to coarse dolomite crystals are generally present in the 
north-central and northeastern portions of the study area. In these 
areas, medium to coarse dolomite rhombs are commonly pervasive and 
typically obliterate primary rock fabric. 
The fine to mediwn crystalline dolomite typically is present in 
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Fig. 45 . Photomicrograph of small , equant crystals of 
calcite (A) that have replaced coarse rhombs 
of dolomite. Width of base of photomicrograph 
is 0.065 inch. Thin section no . 27-1639. 
Fig . 46 . Photomicrograph of ubiquitous, fine-euhedral 
dolomite rhombs. Width of base of 
photomicrograph is 0 . 1 inch . Thin section 
no. 291- 10 , 680. 
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Fig. 47. Photomicrograph of medium to coarse, euhedral 
dolomite rhombs (sucrosic dolomite). Length of 
sideof photomicrograph is 0 . 027 inch . Thin 
section no. 83- 3370. 
Fig. 48. Photomicrograph of fine to medium, euhedral 
crystalline dolomite which is typically associated 
with stylolites or microstylolites. Brachiopod 
valves outline a small nodule that is not 
dolomitized. Width of base of photomicrograph is 
0 . 1 inch. Thin section no. 2887-9248 . 8 . 
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Fig. 49. Photomicrograph of saddle dolomite showing 
undulatory extinction patterns. Width of base 
of photomicrograph is 0.065 inch. Thin section 
no. 2602- 10,069.9. 
Fig . 50. Photomicrograph of saddle dolomite (A), calcite 
crystals (B), and disseminated pyrite (C). 
Width of base of photomicrograph is 0.1 inch. 
Thin section no. 505-10,325 . 
115 
116 
patches. Customarily associated with nodules, the fine. to medium 
dolomite crystals are dominant in lithofacies Band E. 
Two types of saddle dolomite occur in the Birdbear. The first 
type is generally present in lithofacies D. The crystals are usually 
large (Fig. 49), occur as void-fill cements , and are commonly termed 
baroque dolomite. The second type occurs less frequently and is 
not lithofacies-specific. This latter type of saddle dolomite is 
canmonly associated with calcite (Fig. SO). 
Anhydrite 
Types of anhydrite structures in the Birdbear include: individual 
nodules (Figs. 31, 51 , 52), distorted mosaic (Fig. 36), distorted 
bedded, and mosaic. These anhydrite structures commonly occur in 
localized areas in lithofacies F and G, generally associated with 
sabkha lithologies. Individual anhydrite nodules (Figs. 51,52) 
occur only rarely in lithofacies B. Discrete, lenticular or 
barrel-shaped, customarily brown, crystallographic (Maiklem et al., 
1969) anhydrite occurs in lithofacies F (Fig. 30), but only in minor 
quantities. 
Anhydrite crystals in the Birdbear Formation exhibit, in thin 
sections, felted (Fig. 38), lath, or mosaic (Figs. 53,54) shapes. 
Felted and lath crystal forms, usually associated with medium to 
coarse crystalline dolomite, occur sporadically throughout the 
formation. Mosaic forms are less common than felted or lath forms, 
and only occur rarely in the Birdbear. 
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Fig. 51. Photograph of an anhydrite nodule. The nodule 
is composed of felted- and lath-shaped anhydrite 
crystals. Length of scale is LO inch. Core 
no. 291-10,676.8. 
Fig. 52. Photograph of an individual anhydrite nodule in 
lithofacies B (subtidal). Nodule is composed of 
felted and lath-shaped, anhydrite crystals. 
Length of scale is 1.0 inch . Core no. 2828-11,447. 
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Fig. 53. Photomicrograph of a brachiopod valve that has 
been replaced by an equant-shaped, anhydrite 
crystal. Only a ghost outline of the brachiopod 
remains. Width of base of photomicrograph is 
0.1 inch. Thin section no. 83-3372.9. 
Fig. 54. Photomicrograph of anhydrite that has replaced 
a saddle-dolomite, crystal. Width of base of 
photomicrograph is 0.1 inch. Thin section no. 
2602-10,069.9. 
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Silica 
Opaline silica, chalcedony (microqunrtz), fibrous and bladed 
quartz, megaquartz (as opposed to microquartz), and authigenic, 
euhedral quartz occur in small quantities in the Birdbear Formation, 
predominantly in the northeastern portion of the state. Due to 
extensive diagenesis of original sediments in this area, it is 
not apparent whether all of these materials are facies-specific. 
Figure 55 illustrates some of the complex effects of silica 
diagenesis of the formation. 
Amorphous silica and fibrous quartz inthe formation generally 
occur in lithofacies Band are present only in very small amounts. 
The fibrous quartz has usually only replaced brachiopod allochems, 
and the amorphous silica is present in only one well. Authigenic, 
euhedral quartz is generally restricted to lithofacies E. 
Pressure-Response Features 
Stress-response features in carbonates customarily include 
stylolites and wispy, horsetail, or microstylolites (Trurnit, 
1968). However, carbonate response to post-depositional stress 
results in more diagenetic features than stylolites (Wanless, 1979) . 
Material response to stress is expressed in four possible 
ways: physical compaction, physical deformation (plastic or 
brittle), pressure neomorphism (strain recrystallization), and 
dissolution (Wanless, 1979). Evidence of the latter three responses 
is present in the Birdbear Formation. 
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Fig. 55. Photomicrograph of complex silica diagenesis. 
Substrate material was altered to pseudospar (A), 
probably during development of the void which 
is lined by drusy calcite (B). Hematite-stained 
gravity-silt (C), vadose-silt ?, covers the 
drusy calcite. Infilling the remainder of the 
void is chert (microquartz) (D), bladed quartz 
(E) and megaquartz (F). Width of base of 
photomicrograph is 0.1 inch. Thin section no. 
100-2509. 
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A fractured brachiopod valve, illustrated in Figure 56, is 
representative of brittle response to stress. Continuous and 
non-continuous fractures represent larger-scale, brittle response 
to stress (Fig. 24). Figures 43 and 44 show the result of possible 
neomorphic stress-response in the form of diagenetic alteration 
of micrite to pseudospar. Microstylolites and stylolites are 
probably seams of insoluble residues, such as clays, left as a 
result of carbonate dissolution. Figures 57 and 58 illustrate 
solution effects, primarily in the form of microstylolites, but also 
stylolites, grain dissolution, and pseudo-bedding. 
In situ "intraclasts" (Fig. 59) could be stress-response features 
as a result of selective carbonate dissolution. The presence of 
solution seams surrounding "clasts", or otherwise intimately 
associated with "clasts", is evidence of stress response. Figure 60 
illustrates a similar pressure-response feature in the form of 
diagenetic nodules. Associated with the nodules are microstylolites, 
commonly abundant and specific to inter-nodular areas. 
Stress-response features are generally distributed pervasively 
throughout the formation (Table 2). Typically, most features 
are best-developed in lithofacies B. 
Miscellaneous Minor Features 
Micrite coatings, or rims, are present on grains and are 
illustrated in Figure 29. Poorly preserved allochems, termed 
"ghosts", typically appear as faint outlines of the original 
grain, and are usually associated with areas of severe diagenetic 
alteration. Pyrite occurs disseminated throughout the formation in 
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Fig. 56. Photomicrograph of a broken brachiopod valve that 
is r epresentative of brittle response to stress. 
Edges of the valve are corroded and bores 
penetrate the valve . A weakened state of valve may 
have been caused by boring. Length of side of 
photomicrograph is 0.065 inch . Thin section no . 
83-3382.5. 
Fig. 57. Photomicrograph of microstylolites and a partially 
dissolved, brachiopod valve which is suggestive of 
carbonate dissolution. Associated with the 
microstylolites is microcrystalline dolomite. The 
brachiopod valve forms the crest of a nodule. 
Length of side of photomicrograph is 0.1 inch. 
Thin section no. 999-11,280. 
126 
Fig. 58. 
Fig. 59. 
127 
Photograph of stylolites (A), microstylolites (B), 
nodules (C), and pseudo-bedding (D). Length of 
scale is 1.0 inch. Core no. 2967-10,587. 
Photograph of nodules and in situ "intraclasts" 
which are probably stress-response features. 
Dark, inter-nodular areas are microstylolites. 
Length of scale is 1. 0 inch. Core no. 2887-4241. 
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Fig. 60. Photomicrograph of in situ "intraclasts" , 
which are probably formed by stress response. 
These features are usually associated with 
microstylolites or stylolites (out of field). 
Width of base of photomicrograph is 0.1 inch. 
Thin section no. 793-10,381. 
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quantities. Authigenic pyrite in the Birdbear is typically 
euhedral (Fig . 50); large pyrite cubes only rarely occur, but can 
be observed with the unaided eye in a few core samples. 
Burrows and borings are generally restricted to lithofacies B. 
Burrows are commonly present in wackestones (Fig. 15), and borings 
usually occur in organic, skeletal material (Fig. 56). 
Gravity silt refers to detrital material that has settled to 
the bottom of a void and is cemented in place forming a geopetal 
feature. Two examples of these structures from the Birdbear 
are shown in Figures 55 and 61. Geopetal structure in the Birdbear 
occurs only rarely; Figure 61 is an example. The gravity silt 
shown in Figure 55 is very rare and occurs only in the northeastern 
portion of the state. 
Bleached carbonate rocks are present in the Birdbear and, 
while abundant, their occurrence is generally restricted to the 
eastern one-third of the area of study . In some samples, the 
bleaching forms a mottled appearance . In all other samples, the 
rock has been completely bleached (Fig. 62). Some bleached 
Devonian rocks that are typically mottled in appearance have been 
reported (Havard and Oldershaw, 1976) from Canada. 
The bleached sample illustrated in Figure 62 contains incipient 
solution vugs. A photomicrograph of a filled vug is shown in 
Figure 50; coarsely crystalline dolomite is present in the matrix 
surrounding the filled vug and small, mosaic, calcite crystals form 
the filling. 
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Fig. 61. Photomicrograph of a gastropod shell, bottom 
of the chambers are partially filled with mud 
and remainder of the chamber is cemented by mosaic, 
calcite crystals. This feature indicates original 
"stratigraphic-up" direction (geopetal). Length 
of side of photomicrograph is 0.1 inch . Thin 
section no. 793-10,374.5. 
Fig. 62. Photograph of a completely bleached rock-sample 
with incipient solution vugs. Length of scale 
is 1.0 inch. Core no. 27-1610. 
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DIAGENETIC MECHANISMS 
Introduction and Terminology 
Diagenetic features of Birdbear strata reflect effects of 
diagenetic mechanisms or processes. Understanding diagenetic 
mechanisms in terms of spatial and time controls, and documentation 
of Holocene diagenetic mechanisms, provided the basic framework for 
interpretation of Birdbear diagenesis. The emphasis is on 
pressure-response mechanisms, as several diagenetic features 
present in the Birdbear may be effects of this stress-response 
process. The objective of this section is to a~tempt to explain 
the major processes possibly responsible for the diagenetic 
features present in the formation. 
Diagenetic features in the Birdbear and processes probably 
responsible for their genesis are presented in Table 2. Evidence of 
diagenetic zones that left an imprint on Birdbear strata is 
also indicated in Table 2. 
Recognizing the influence of time and spatial position on 
diagenetic processes, Choquette and Pray (1970) delineated major 
time stages in which diagenetic reactions occur and the comparable 
spatial zones in which they occur. In this paper, diagenetic zones 
are based on spatial and time concepts presented by them. Choquette 
and Fray's (1970) classification consisted of three categories, 
eogenetic, mesogenetic, and telogenetic (Table 3). Eogenetic is 
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TABLE 3 
DIAGENETIC TERMINOLOGY 
* Choquette and Longman 
Pray (1970) (1981) 
Eogenetic Syngenetic 
Mesogenetic Epigenetic 
Telogenetic 
* Terms are expanded from dolomite descriptors 
This Paper 
Syngenetic 
Epigenetic 
Late 1 
Telogenetic 
I Late 2 
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defined as the zone which extends from the surface where new 
carbonates are deposited to a subsurface zone where surface-related 
diagenetic processes are no longer effective. Mesogenetic is 
defined as the subsurface zone below which surface-related diagenetic 
processes are ineffective. Telogenetic is defined by Choquette and 
Pray (1970, p. 220) as the location and time that diagenetic 
processes are influenced by events occurring directly or indirectly 
as a result of the development of an unconformity. However, since 
geologic history of the Birdbear is more complex than the example 
used in their study, the tenninology is expanded here (Table 3). 
Longman (1981) introduced the tenns syngenetic and epigenetic 
to describe dolomites. Dolomite formed below the interface between 
water or air, and newly deposited sediment, penecontemporaneously 
with deposition, is termed syngenetic. The term epigenetic 
describes dolomite that has formed after significant burial. Both 
terms are used in this study, rather than as simple modifiers, 
to include all diagenetic features that probably originated from 
mechanisms operating in these zones (Table 3). 
Late 1 and late 2 (Table 3) are diagenetic terms applied in 
this study to distinguish between diagenetic features that developed 
late in the diagenetic history of the formation. Late 1 refers 
to diagenetic mechanisms operating in strata that have entered the 
epigenetic realm but not the telogenetic realm. Late 2 refers to 
diagenetic processes operating only on strata that have been 
significantly buried and isolated from influence by surface processes, 
after the strata have been exposed to telogenetic processes. 
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Birdbear strata that qualify for the telogenetic and late 2 
classification are located in the southwestern and eastern portions 
of the state where the formation has been exposed and subsequently 
reburied. 
Calcitization 
The process of calcitization results in several diagenetic 
features in Birdbear rocks (Table 2). Calcitization is here defined 
as the filling of void space by crystalline calcite, neomorphism 
(Folk, 1965),. and replacement by calcite. 
Most void-filling calcite in the Birdbear is the result of 
a two-stage process. Lining of a void by typically small, dogtooth 
(Fig. 42), or fibrous (Fig. 41) calcite was the first stage. A 
second stage is represented by a mosaic of calcite crystals 
which fills the remainder of the void (Figs. 41, 42). According 
to Folk (1974), the presence of steep-sided calcite crystals 
indicates a high Mg:Ca ratio in the original precipitating 
fluids--the greater the crystal elongation, the greater the Mg:Ca 
ratio that is suggested. 
The crystalline calcite in Birdbear voids in lithofacies B 
(Fig. 42) was probably precipitated from normal-marine water 
(Bathurst, 1971, p. 361), and the dogtooth shape is due to partial 
crystal-growth poisoning by magnesium, which is normally present in 
marine water . As interstitial fluids became isolated (e.g. 
through burial) from recharge by normal marine water (thus, less 
magnesitun available), polyhedral to anhedral calcite crystal mosaics 
precipitated. 
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A similar scenario is probable for the fibrous calcite 
crystals in the Birdbear. Higher Mg:Ca ratios were probably 
present in restricted waters, thus steeper (fibrous) calcite 
crystals resulted (Fig. 41). Infilling of the remainder of the 
void by mosaic calcite is indicative of interstitial water with 
normal Mg:Ca ratios, possibly due to subsurface waters. 
Classification of the void-filling diagenetic mechanism into 
the proper diagenetic zone is based on timing of the genesis of 
the feature. Syngenetic diagenesis is interpreted for the 
first-stage, relatively steep-walled, void linings, and epigenetic 
to late 1, for the infilling, mosaic calcite (Table 2). 
Telogenetic, drusy calcite crystals (Fig. 55) occur in the 
northeastern portion of the study area. The drusy linings 
formed penecontemporaneously with formation of the void. The drusy 
calcite probably precipitated from a supersaturated solution with 
respect to calcite. The calcite was probably provided by 
dissolution of carbonate as the void enlarged. Due to extensive 
diagenesis it is not clear which lithofacies is represented here. 
Neomorphism has occurred in the Birdbear as evidenced by the 
presence of microspar (Fig. 42), pseudospar (Figs. 42, 44), and 
syntaxial rims. Folk (1965, p. 21) defines neomorphism as "all 
transformations between one mineral and itself or a polymorph." 
Microspar and pseudospar are examples of aggrading neomorphism. 
A transition from micrite to microspar, to pseudospar is shown in 
Figure 42. Generally, small and "dirty" crystals, and a low 
percentage of enfacial junctions between crystals is cited as evidence 
by Folk (1965) of pseudospar (Fig. 44). 
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Syntaxial overgrowths on a few of the pelrnatozoan fragments 
are interpreted as pseudospar since contacts with the surrounding 
matrix are irregular. The formation of microspar and pseudospar in 
the Birdbear are believed epigenetic and late 1. 
Replacement of dolomite by calcite (dedolomitization) is a 
telogenetic process in the Birdbear and has occurred in the 
northeastern part of the state. Extremely small, mosaic, calcite 
crystals occur in patches alongside corroded dolomite rhombs. 
Because the calcite crystals are poorly cemented, the patches 
are probably incipient vugs (Figs. 45, 62). Blatt et al. (1980, 
p. 531) suggest that calcitization of dolomite may be indicative 
of subaerial exposure. This confirms a telogenetic interpretation 
for this diagenetic feature. 
Dolomitization 
Dolomite in the Birdbear Formation occurs in four different 
crystal shapes and relative abundances (Table 2). Medium to coarse, 
euhedral, dolomite rhombs, and scattered, generally small, euhedral 
rhombs are the most significant in areal occurrence. The medium 
to coarse dolomite is interpreted as mainly telogenetic, but also, 
in certain areas, syngenetic in origin. The scattered dolomite 
is interpreted as epigenetic and late 1 in origin. 
The parameters that control dolomite formation are composition 
and nature (including permeability) of host material, temperature, 
pressure, and,most significant, ionic concentration of magnesium in 
the pore fluid and salinity of the total fluid (Davies, 1979). In 
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consideration of these parameters, certain models of dolomitization 
have been developed and most have been documented from modern 
environments (Bathurst, 1971, p . 517-544). 
Based on the types and locations of crystalline dolomites in 
the Birdbear, interpretation of depositional environments, and 
geologic history of the Birdbear, the following models of 
dolomitization probably account for Birdbear dolomites: 
recharge-capillary evaporative-evaporative pumping (McKenzie et al., 
1980), mixing-zone (Badiozamani, 1973; Folk and Land, 1975), and 
pressure-response (Wanless, 1979) . 
McKenzie et al. (1980) demonstrated syngenetic dolomites 
forming as a result of a three-stage mechanism operating as a 
hydraulic cycle on the Abu Dhabi sabkha. Initially, a flood of sea 
water (generally wind- or storm- induced) across the sabkha 
infiltrates down into sediments of the sabkha. This sea water 
"charges" the system and a combination of capillary evaporation 
and downward groundwater flow results (stage 2). The solution 
is concentrated by evaporation and eventually results in high 
Mg:Ca ratios. In sabkha areas that are infrequently flooded, 
continual capillary evaporation eventually develops into 
evaporative pumping (stage 3) of meteoric waters from an underlying 
aquifer. The meteoric groundwater reaches equilibrium as it travels 
through the carbonates and provides a continual supply of magnesium 
ions for the dolomitization mechanism. 
Evaporative pumping is believed to have occurred in the 
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depositional environment of lithofacies G. The evaporative-pumping 
model seems to account for the abundant microcrystalline dolomite 
that is associated with evaporites in lithofacies G (Figs. 38,46). 
McKenzie et al. (1980) documented the presence of a freshwater 
aquifer beneath the Abu Dhabi sabkha which may contribute to a 
second dolomitization mechanism. In theory, where freshwater 
mixes in the subsurface with marine waters, mixing-zone 
dolomitization should occur (~adiozamani, 1973). This process 
operating in the Birdbear may help explain the occurrence of coarse, 
euhedral, dolomite rhombs, connnonly in association with 
microcrystalline dolomite. As pointed out by Longman (1981), the 
mixing zone would have to migrate in order to dolomitize sediments 
over a substantial area. This probably occurred in the Birdbear 
Formation. 
Mixing-zone migration is suggested in the Birdbear by the 
occurrence of coarse, crystalline dolomite in lithofacies downdip 
from lithofacies G. Freshwater lenses could develop whenever 
subaerial (island or terrestrial) exposures effectively isolate 
meteoric water from open-marine water (Dunham and Olson, 1980, 
p. 158). Since there is no evidence for islands or buildups 
reaching subaerial conditions in Birdbear cores studied, mixing-zone 
meteoric water must have been furnished by terrestrial catchment of 
rain. Extensive migration of a subsurface fresh-water wedge or 
mixing-front in an epeiric setting as far as the high energy 
(Fig. 9) zone may not be unrealistic in consideration of JOIDES 
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discovery (Mathews, 1974, p. 243) of a fresh-to-brackish, water zone 
approximately 30 miles offshore, and reasonable expectation that 
the zone extends as far as 75 miles seaward. 
Coarse, sucrosic, dolomite rhombs, irregularly occurring in 
Birdbear lithofacies downdip from lithofacies G, may also develop 
as a result of neomorphic alteration of primary precipitated 
dolomite (Zenger and Dunham, 1980, p. 5). Shaw (1964) and Irwin 
(1965) indicated the likelihood of evaporative concentrated brines 
forming in the low energy zone where exchange with normal marine 
water is restricted. 
During periods of elevated Mg:Ca conditions, dolomite should 
precipitate in the water column (Shaw, 1964, p. 19). This 
equilibrium could be interrupted during times of intense winds, 
storms, or, meteoric water influx. Post-depositional neomorphic 
changes that may affect the precipitated dolomite include crystal 
enlargement due to infiltration of a mixing-zone mechanism in a 
progradational system, or some epigenetic, neomorphic process 
(Choquette and Steinen, 1980) . Evidence of dolomite neomorphism 
in the Birdbear is not clear. Medium- to coarse-crystalline 
dolomite is also pervasive in the Birdbear Formation in the eastern 
portion of the state. Crystalline dolomite in this area will be 
discussed in the section on telogenesis. 
The third type of dolomite in the Birdbear, mostly scattered, 
fine- to medium-euhedral crystalline dolomite (Fig. 48), is 
interpreted to be an effect of pressure-response processes andwill 
be discussed in that section. 
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Baroque dolomite (Folk and Assereto, 1974), white sparry 
dolomite (Beales, 1971), pearl spar (Dolomieu, 1791, in Zenger, 
1981), and saddle dolomite (Radke and Mathis, 1980) are basically 
synonymous terms for the fourth type of dolomite observed in the 
Birdbear (Fig. 49). The term baroque dolomite was originally 
coined for the large distorted rhombs of dolomite formed in void 
spaces (Folk and Assereto, 1974). However, this type of dolomite 
also occurs as replacement dolomite. The term saddle dolomite 
was chosen by Radke and Mathis (1980) to refer to both replacement 
and void-fill, distorted-rhomb dolomite. Petrologic evidence (i.e., 
cross-cutting relationships) reveals saddle dolomite to be a late 
diagenetic dolomite (late 1) in the Birdbear. Radke and Mathis 
(1980) showed that the temperature of saddle dolomite genesis 
of a formation is between 140 and 320 degrees Fahrenheit which 
suggests significant burial of a formation in order to contain saddle 
dolomite . 
Void-fill, saddle dolomite occurs dominantly in lithofacies D. 
Sites of occurrence seem to be related to porosity zones that 
are coIIUnonly perforated for oil extraction. Radke and Mathis 
(1980, p. 1159) note the association of saddle dolomite with 
hydrocarbons, perhaps indicative of kerogen maturation conditions . 
The source of magnesium and calcium ions for saddle dolomite 
generation is not clear; however, some association with an influx 
of hydrocarbons is conceivable. Because saddle dolomite is also 
observed throughout the formation as an apparent epigenetic or 
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late 1 diagenetic feature, ions for its formation may be made available 
through pressure solution. In a number of instances, saddle dolomite 
is intimately associated with pressure-response features (i.e. 
stylolites). While impermeable residual seams from the pressure-solution 
process may localize parent-fluids of saddle dolomite, genesis of the 
fluids must still be explained. Avenues of petroleum migration may 
be the same route of entrance for distant parent-fluids, or 
pressure-solution phenomena may be the origin of nearby fluids. 
In swmnary, syngenetic dolomitizing processes can account for 
microcrystalline and associated medium- to coarse-crystalline 
dolomites, which are the most pervasive dolomite types in the 
formation. Epigenetic dolomite-neomorphism could also account for 
some of the coarse dolomite. Saddle dolomite is unequivocally 
epigenetic or later; however, the origin of the magnesium-containing 
fluids is not clear. Fine- to medium-euhedral crystalline dolomite 
is disaussed in the section on pressure response. 
Anhydrite Genesis 
Crystalline anhydrite occurs in three forms, felted (Fig. 37), 
lath, and equant (Figs. 53,54) . Syngenetic, felted anhydrite is 
predominant in modern coastal sabkhas in an arid climate. Nodular, 
enterolithic, or mosaic anhydrite structures (Fig . 36) are connnonly 
formed syngenetically in sabkha areas (Shearman, 1978). These 
structures are usually formed of felted anhydrite (Fig. 37). 
The Birdbear syngenetic brines, supersaturated with respect 
to calcium sulfate, may have originated by the evaporative-pumping, 
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as described in the dolomitization section. This mechanism must 
operate in a sabkha setting so that sufficient solar energy is 
available to concentrate brines through evaporation processes. 
Epigenetic and later anhydrite in the Birdbear is usually lath 
or equant in crystal form . Petrologic evidence clearly shows lath 
and equant forms to nave replaced other constituents (Figs. 53, 
54, 63). 
Possible sources of epigenetic and later anhydrite-forming 
brines are uncertain. As many fractures are filled with anhydrite, 
it may be that the anhydrite-rich solutions originated from 
lithofacies that originally contained syngenetic brines, either in 
the underlying Duperow Formation (Hoganson, 1978) or in lithofacies 
G of the Birdbear Formation or in localized zones in the basal, 
lithofacies A. Braithwaite (1971) suggested that original 
interstitial fluids may contain sufficient sulfates to precipitate 
anhydrite locally, once conditions are appropriate for precipitation, 
late in diagenetic history. Some similar process may also be 
responsible for the occurrence of enigmatic "displacive" nodules in 
subtidally deposited Birdbear rocks (Fig. 51). 
Evidence for the original presence of gypsum occurs only in 
lithofacies G (Fig . 38). Anhydrite pseudomorphs, after gypsum, 
can be recognized by the generally lenticular or barrel- shaped 
crystals (Butler, 1969; Shearman, 1978). Hsll and Schneider (1973) 
suggested that this type of gypsum forms in discoid shapes by 
precipitation of gypsum out of circulating pore-waters supersaturated 
with calcium sulfate; the gypsum is later replaced by anhydrite . 
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Fig. 63. Photomicrograph of lath (A) and equant (B) 
anhydrite shapes that have replaced fine-grain 
dolomite crystals (C), Width of base of 
photomicrograph is 0.065 inch. 
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Silicification 
Opaline silica, replacement by silica, chalcedony, me·gaquartz, 
hematite staining, authigenic quartz and pyrite occur in very small 
quantities in the Birdbear. 
According to Blatt et al. (1980, p. 340), opaline silica 
will generally only precipitate at shallow depths, because at deeper 
depths, higher temperature increases opaline silica solubility and 
only quartz will form authigenically. Opaline silica occurs 
enigmatically in the subsurface in the lower portion of lithofacies B. 
Pressure in the Birdbear due to overlying strata could have resulted 
in supersaturated solutions of silica, provided suficient parent 
silica material is available to go into solution . Under these 
conditions, De Boer (1977, p. 254) suggested that amorphous silica 
would result. Sources of silica by pressure solution of quartz 
silt or other silica-rich allochems could account for siliceous 
nodules in the Birdbear or the replacement of a brachiopod valve 
by silica. A pressure-solution source for silica in the Birdbear 
would mean that silicification was epigenetic or later. 
Telogenetic silica replacement, chalcedony, megaquartz and 
hematite staining, each occur in association with Birdbear samples 
from the northeastern portion of the state. Blatt et al. (1980, 
p. 344) suggested that dissolved silica in terrestrial waters was 
the source for surface or near-surface precipitation of silica. 
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Hematite staining of gravity (vadose?) silt- and clay- sized particles 
lining the telogenetic fracture channels (Fig . 55) suggests surface 
oxidation of fine elastic materials. Due to the proximity of the 
Canadian Shield (Bjorlie, 1979), to the telogenetic zone, 
silica-enriched surface waters would not be unexpected. 
Authigenic quartz crystals occur rarely in the shallow- water 
lithofacies of the Birdbear. Crystal centers are usually not 
replaced and recognition is based on first order colors and 
crystal terminations. These crystals are probably epigenetic; and, 
as they occur within facies supplied with wind-blown quartz silt, 
a silica source is readily available through localized pH variations 
(Blatt et al . , 1980, p. 342). 
Pressure Response 
Pressure-response features in carbonate rocks have been avowed 
for more than 100 years (Bathurst, 1971, p. 459), but study has 
been confined to the most obvious -- stylolites (Trurnit, 1968). 
Wanless (1979) described the tremendous spectrum of features due 
to carbonate response to stress. Examples of pressure-response 
features in the Birdbear are similar to features documented by 
Wanless (1979) and the Birdbear features are believed to have a 
similar origin . 
A physical deformation-response to stress is manifested in 
the formation by fractured brachiopod valves (Fig . 56). However, 
physical deformation in the formation is not connon. In the case 
of valve fracture, physical deformation may have occurred due to the 
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weakened state of the valves caused by borings. Continuous and 
non-continuous fractures in the Birdbear (Fig. 24) probably reflect 
larger scale, brittle response to stress. 
Commonly, intimately associated with the deformed valves is 
another type of pressure response, neomorphism. Calcite neomorphism 
occurs as micrite to microspar and in some places (usually places 
of stress-shadows such as beneath a valve), as microspar to 
pseudospar (Fig. 43). Pressure-response, calcite neomorphism 
is manifested in some stylolites as a distinct cloudy-white, 
irregular banding. The action of stylolite "bleeding" is suggested 
as the neomorphic process diffuses into the host away from the 
stylolites (Fig. 44). 
Pressure solution has clearly occurred in the Birdbear. 
Effects of the process are in the form of stylolites, microstylolites 
(.Figs. 11,52,58,59), and in thin section, as partial dissolution 
of allochems (Fig. 57). Other responses to pressure occur in the 
Birdbear but are subtle. 
The theory of pressure-solution mechanism as discussed by Weyl 
(1959) showed that stress-induced solution proceeds by maintaining 
a few-molecule-thick fluid film between particles at contacts of 
stress (Fig. 64). Solution is on an ionic scale with material 
diffusion from high-to low-stress gradients. Pr.eferred ion routes 
trend toward the thin, fluid film maintained between the stressed 
particles where adjacent hydraulic zones (fluid-filled areas near 
stress-contact points) of calcium carbonate (or whatever substance 
is undergoing pressure solution) is supersaturated. Hence, 
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Fig. 64. Weyl's (1959) pressure-solution model and the 
pressure-solution model proposed in this study. 
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Weyl's (1959) Model: particle - fluid film - particle solution mechanism 
ffl dissolution occurs 
• whenA•B 
Proposed modet intraunit Cintraparticle) solution mechanism 
t particle 
key: 
t =stress 
A - rate of ion diffusion 
a- rate of ion release due to stress 
dissolution occurs 
when A•B 
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precipitation may occur if the material is enticed to come out of 
solution. 
De Boer (1977) emphasized that ionic diffusion from a pressure 
solution reaction is a slow process. However, acceleration of the 
reaction would occur if a clay layer were added to the thin, fluid 
film maintained between the stress contacts of particles. This 
assumes that diffusion and reaction are concomitant and that 
accelerated diffusion results in an equally accelerated reaction 
rate. It is important to understand that dissolution is on an ionic 
scale and occurs at particle-to-particle contacts with only a thin, 
fluid film providing the diffused ion migration route. Weyl 
(1959) developed this theory by observation of "force of 
crystallization;" this is crystal growth, in a solution, that 
mechanically moves adjacent insoluble material (similar to frost 
wedging, as was pointed out by Bathurst, 1971, p. 467). 
It is suggested here that ion dissolution is actually occurring 
in two distinct areas of a single stressed permeable particle 
(Fig. 64). The first location is the traditional particle edge-fluid 
film areas as described above. The second is believed to be inside 
the grain, a short distance from where the first process is occurring. 
Stressed-induced reaction and reactant diffusion inside the particle 
will not everywhere be simultaneous as is the case at the 
particle-film area. Hence, the reaction will penetrate the particle 
until the stress field is too dispersed to carry the reaction to 
completion. But before the reaction reaches its termination area, it 
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will first pass through a deceleration zone. Eventually,during 
deceleration, the rate of ion diffusion will match the reaction 
rate; this is identical to the situation at the particle-film area. 
Inside the particle (i.e., intraparticle), where the rate of 
diffusion is equal to rate of reaction, dissolution should occur. 
The diffusion route of the reactants will be "down" the pressure 
gradient. For example, a route perpendicular to the gradient 
in an elastic, isotropic material, as predicted by the Boussinesq 
equation(Bathurst 1971, p . 460). The gradients, in two dimensions, 
appear as nested, tear-drop ellipsoids whose ends converge upward 
(Bathurst, 1971, p. 461). 
Control on intraparticle solution is probably more complex 
than particle-fluid film solution. Based on the argument presented 
here, development of intraparticle solution will depend on a 
threshold of ion diffusion. If the particle is highly permeable, 
the areas of intraparticle solution and particle-fluid film solution 
will merge, and separate for a low-permeable substance. By 
definition, the life span of intraparticle solution ends when it 
develops an effective fluid film between dissolving materials. 
Thus, recognition of intraparticle solution in a pressure solution 
regime must rely on criteria other than solution-residue planes 
(stylolites). Instead, nature of the diffused ions must be 
considered. Perhaps their effect is observed as pressure 
response-induced precipitation seen as void-fillings. Other 
probable effects of intraparticl:epressure may warrant subsequent 
consideration (e.g., pressure-response neomorphism, pressure-response 
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dolomitization, pressure-response anhydrite genesis, pressure-response 
silicification, pressure-response hydrocarbon generation, or other 
likely processes or features) . 
Wanless (1979) arrives at similar conclusions from consideration 
of bulk-unit response to stress. Forms of response depend on whether 
the bulk-unit is resistive or responsive and impurities (e.g., 
smectitic clays) that may be in the unit. 
Intraparticle or intraunit (preferred term, based on usage of 
the term, unit, by Wanless,1979, p. 438) solution may be responsible 
for observed changes in the material surrounding stylolites or 
other pressure response features. Bathurst (1971, p. 470) cites 
an example of alternating laminae of chert and quartz, with 
stylolites in the chert, but absent in the quartz (which contains 
rim cements). Intraunit solution probably provided material for 
rim cements. Bathurst (1971, p. 470) considered a change in rock 
porosity and permeability in areas surrounding stylolites as 
evidence for pressure-released ion migration in a direction 
perpendicular to the stylolite seams. While some migration from 
the stylolite area may occur, the evidence suggests an intraunit-solution 
origin for the cements. 
Certain diagenetic features due to pressure response can be 
observed in Birdbear rocks. Neomorphism, stylolites, and related 
features have already been mentioned (Figs. 43,44). The mottled 
or nodular structure, that typically characterizes the shallow, 
normal-marine lithofacies B (Fig. 11), is believed to have developed 
through processes of pressure response. In situ intraclasts 
---
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(Figs. 59,60), scattered, sometimes coalescing, euhedral, dolomite 
rhombs (Figs. 48,65), and perhaps late, saddle-type dolomitization 
(Fig. 65), and late anhydrite genesis, are also believed to reflect 
pressure solution, particularly, intraunit solution effects. 
Careful petrologic study of the light gray nodules, and the 
darker matrix (Fig. 59) shows a matrix that is mostly composed of 
dolomite crystals and limestone nodules that are usually outlined 
by microstylolite seams (Fig. 48). A microstylolite becomes 
anastamosing and changes to diverging seams which fade into 
the dolomitic matrix away from the nodule (Fig. 57). Wanless (1979) 
accounted for the microstylolites in his examples through 
particle-fluid film solution transferring stress through shear. 
It is suggested here that the nodules in the Birdbear, which are 
characteristic of lithofacies B, may be due to pressure-response 
processes operating on a near-homogeneous material, with areas 
(matrix) of intraunit dolomitization and other areas (nodules) 
of intraunit calcification. The initial homogeneity of the rock 
was probably caused by extensive syngenetic bioturbation. Similar 
sources for dolomite cements were proposed by Chevron Standard 
Limited (1979, p. 337, 344) for late diagenesis of subsurface 
strata in Canada. 
Locations of intraunit calcification may be controlled by the 
parent material or slightly different stress components caused by 
impurities. Typically, nodules occur in stress-shadows of 
larger allochems, such as brachiopod valves (Fig. 57). It is 
clear that the nodules do not represent individual burrows. Other 
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Fig. 65. Photomicrograph of saddle dolomite (A) and 
small, euhedral dolomite rhombs (B) associated 
with microstylolites (.C). These features are 
possibly the effect of pressure response in the 
form of intraunit dissolution. Width of base of 
photomicrograph is 0.1 inch. Thin section no. 
2373-10,452. 
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lithofacies in the Birdbcar show subtle nodularization (Fig. 33), 
but, perhaps as a result of less homogeneity, distinct nodules 
are not always developed. 
Pressure-response nodularization is pervasive in many other 
carbonate formations, and has been previously interpreted as a 
network of burrows or primary bioturbation mottling (Bebout and 
Pendexter, 1975, p. 679; Kent, 1968, p. 187; Roehl, 1967, p . 1995, 
fig . 15D; Stoakes, 1980, p . 360-362, 365, 373; Wilson, 1967, 
p. 307, 292). In all of the examples cited, microstylolites are 
present to a greater or lesser degree, these help confirm the 
involvement of pressure-response mechanisms. 
In Nichols' (1970) study of the Birdbear Formation in 
Saskatchewan he described nodules (p. 91, fig. 3) that are nearly 
identical to those found in North Dakota. His careful petrologic 
work revealed the presence of microstylolites and he astutely 
speculated on an origin due to pressure response (Nichols,1970, 
p. 16, 17). 
In situ intraclasts present in the Birdbear (Fig. 59, 60) 
are believed to have developed through intraunit solution. Initial 
sites of intraunit solution probably outlined the intraclasts . 
In extreme cases of clast "solution-migration", a brecciated texture 
may result (Fig. 59). 
Late-diagenetic saddle dolomite, and anhydrite are probably 
associated with pressure response (Beales, 1971b; Braithwaite, 1971; 
Mattes and Mountjoy, 1980). Petrologic study clearly shows anhydrite 
161 
replacing saddle dolomite (Fig. 54). Interpreting saddle dolomite 
as a burial diagenetic feature, the replacement anhydrite is 
obviously a late diagenetic phenomenon and likely related to pressure 
response for calcium sulfate ion source. Enigmatic, felted 
anhydrite found in lithofacies B (Fig. 51) may be accounted for 
through pressure response sources. 
In summary, pressure response played a major role in late 
diagenesis of the BirdDear and especially affected the texture 
of lithofacies B where homogeneity, and perhaps clays and allochems, 
exerted control on the development of nodules (nodularization). 
Scattered euhedral dolomite rhombs, in situ intraclasts, and late 
mineral replacement or cementation are believed to have been closely 
associated with pressure response. Solution and diffusion rates 
of ions are crucial for pressure solution to occur once the stress 
is made available. The variety of ions made available for 
precipitation depends on composition of the parent material. This 
may include organic molecules for the generation of hydrocarbons. 
Miscellaneous Features 
Micrite rims, borings, burrows, and "ghost" remnants of 
allochems have been documented by Milliman (1974, p. 253-258) to 
be a result of organic erosion. Distinct borings and burrows in 
Birdbear rocks are unconnnon (Figs. 15, 56); however, the homogeneous 
nature of the rocks in lithofacies B strongly suggests thorough 
bioturbation of the sediments. 
Micrite rims and "ghost" remnants of allochems can be considered 
features of either organically- or chemically-induced grain diminution 
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or degradation (Klement and Toomey, 1967; Margolis and Rex, 1971; 
Milliman, 1974, p. 254). Figures 29 and 61 illustrate micrite 
rims on allochems; however, at the magnification available, it is 
not clear whether the rims originated chemically or organically. 
Chemical diminution of carbonate grains in the Birdbear is 
illustrated by Figures 53 and 57. The "ghost" in figure 53 is 
probably a brachiopod grain that was replaced by anhydrite, and 
in Figure 57, grain destruction was by pressure solution. 
Gravity (geopetal) features in the Birdbear, illustrated in 
Figures 55 and 61, were ~robably formed by unconsolidated 
sediments that partially infilled a void. Cementation of the 
sediment and the remainder of the void prevented post-depositional 
displacement of the sediment. 
Minor pyrite concentrations in the formation are probably 
syngenetic in origin. According to Blatt et al. (1980, p. 396), 
pyrite may form as a consequence of anaerobic bacteria acting to 
reduce sulphates and iron to produce pyrite. Since the pyrite 
in the Birdbear is commonly associated with argillaceous sediments, 
algal mats and other decomposing organic matter probably contributed 
raw material for the bacteria. 
Bleaching of Birdbear rocks is confined to the eastern portion 
of the state which suggests a relationship to the unconformity 
(Fig. 3). Havard and Oldershaw (1979) interpreted the bleaching 
mechanisms in the carbonates they studied to be confined to vadose 
diagenetic zones. The distribution of bleached rocks in the Birdbear, 
163 
and the conclusions of Havard and Oldershaw (1979), suggest a close 
relationship of bleaching with surface or near-surface diagenetic 
processes. The precise bleaching mechanism is not clear, but it 
is probably telogenetic. 
Telogenesis 
Eastern North Dakota was a high area for at least two intervals 
after deposition of the Birdbear; once during Late Devonian-Early 
Mississippian time and in a subsequent interval during 
post-Mississippian-pre-Triassic time (Anderson, 1974; Carlson and. 
Anderson, 1965). 
Birdbear cores from the northeastern part of the state are 
usually pervasively medium- to coarse-crystalline (sucrosic) 
dolomite with rare scattered allochem ghosts. Anhydrite is rare. 
Birdbear samples from these cores are bleached relative to Birdbear 
cores in other portions of the basin. 
During periods of exposure, a portion of the Birdbear Formation 
was subjected to telogenetic processes, including subaerial 
exposure. In such situations, dissolution of carbonate typically 
occurs due to contact with meteoric water that is saturated with 
respect to carbon dioxide and undersaturated with calcium carbonate. 
Meteoric water that is not evaporated will eventually percolate 
down into formation interstices, dissolving carbonate until the 
fluid reaches chemical equilibrium. Evidence of non-selective 
dissolution in the Birdbear is incipient vugs which cross-cut all 
depositional textures (Fig. 55). If the interstitial fluid becomes 
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supersaturated with calcium carbonate, calcite may be precipitated. 
Drusy, void-fill calcite in Birdbear rocks from this region is 
probably the result of this type of telogenetic process. 
Catchment of meteoric wat er by Birdbear rocks during 
telogenetic exposure is strongly suggested by the presence of 
incipient solution vugs. It is believed that the undersatur ated 
meteoric water mixed with interstitial saturated "connate" water 
at some level such that a telogenetic, mixing- zone dolomitization 
process developed (Badiozamani, 1973; Folk and Land, 1975) . This 
process could have occurred during any exposure of the Birdbear 
in the eastern portion of the Basin. Infiltration of freshwater 
from strata unconformably overlying the Birdbear (Heck, 1979, p. 98) 
also could have set the mixing mechanism in operation (Fig. 4). 
Strata overlying and underlying the Birdbear probably acted as 
aquicludes. 
Extensive mixing-zone dolomitization has been applied in a 
similar fashion to rocks of Ordovician to Silurian age in Nevada. 
Dunham and Olson's (1980) description of the situation there involves 
what would be considered a syngenetic mixing- zone process, whereas 
the mechanism that probably operated in the Birdbear is categorized 
as a telogenetic process. 
Separate episodes of exposure and related processes are not 
distinguishable in Birdbear rocks with the methods of analysis 
employed. However, extensive mixing-zone dolomitization established 
during telogenetic exposure or shallow burial beneath the 
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unconformably overlying Mississippian rocks probably accounts for 
pervasive dolomitization of the Birdbear in the northeastern and 
extreme southwestern part of North Dakota . Further testimony 
for mixing-zone dolomitization is the lack of associated anhydrite 
(expected in an evaporative-pumping model) and the fact that the 
few recognizable allochems are normal-marine organisms. Bleaching 
of Birdbear rocks is also probably associated with telogenetic 
dolomitization. Bleaching may be related to oxidation by the 
fresh-to-brackish water component as the front passed through the 
rock elements. 
Telogenetic exposures of carbonates are believed to result in 
development of a vadose zone and some aspect of a karst or soil 
cover (Longman, 1980; M'Rabet, 1981; Roehl, 1967). Only 
equivocal evidence of either feature is observed in the Birdbear. 
One example demonstrates episodic infilling and associated gravity 
(vadose?) silt (Fig. 55). The paucity of subaerial exposure evidence 
may be due to extensive erosion of the Birdbear during final 
exposure or perhaps insufficient sources of data . Paleosols are 
connnonly very thin and profiles may not have been recovered 
(Roehl, 1967). 
Summary 
The classification of diagenetic features in the Birdbear 
Formation into categories of spatial and time genesis can be done 
most effectively through petrologic analysis, an understanding of 
the concepts of diagenetic processes, and a knowledge of the geologic 
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history of the formation. Based on concepts of space and time 
developed by Choquette and Pray (1970) for division of diagenetic 
processes, pathways of diagenesis can be classified into five 
categories: syngenetic, epigenetic, late 1, telogenetic and 
late 2. 
Most diagenetic features in the Birdbear are the result of 
processes that followed more than one diagenetic pathway. Exceptions 
are features interpreted to be the result of processes generally 
containing components available only at surface or near-surface 
environments, such as micrite rims on allochems or bored allochems 
(both due to organic activity) or void-space infilling by quartz 
that was provided from silica-saturated terrestrial waters. Certain 
features are the result of processes that are believed to operate 
exclusively in the subsurface, such as saddle dolomite. Other 
diagenetic features can often be accounted for by more than one 
process. Unfortunately, not all features contain characteristics 
sufficient to distinguish between specific originating processes. 
An example of this is degrading neomorphism (micritization). 
Anhydrite, calcite, dolomite, quartz, pyrite, fracture, breccia 
or in situ intraclasts, microstylolites and stylolites are all 
considered diagenetic features in the Birdbear. The processes and 
times of diagenesis are summarized in Table 2. 
Formation of a diagnetic feature is generally controlled by the 
presence of specific ions necessary to create the feature. For 
example, the presence of dolomite implies that sufficient quantities 
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of magnesium ions were available to carry the reaction to completion. 
Thus, dolomitization also involved some mechanism to provide 
magnesium ions. Emphasis in understanding diagenetic processes seems 
to be centered around creation of "opportunistic ions" (e.g., 
magnesium ions), especially since the actual reaction process is 
not always clear. 
Stylolites, microstylolites, in situ intraclasts, and nodules 
are believed to be a result of pressure response. Pressure response 
is a post-syngenetic process that operates continually until the 
process is arrested by insolubilities, stress release, or excessive 
stress (Purdy, 1968). Pressure response is a likely means to free 
ions for potential diagenetic reactions. Pressure solution by 
particle-fluid film-particle and intraparticle (intraunit) mechanisms 
may not only generate diagenetic minerals indirectly but may also 
generate structures. Proper interpretation of minerals and structures 
must take into account the possibility of a pressure-response origin, 
especially if associated with features clearly the result of pressure 
response. Nodular texture is an example. 
PETROLEUM ASPECTS 
Past and Present Production 
More than 15 million barrels of oil have been produced from 
Williston Basin wells completed in the Birdbear Formation (Petroleum 
Information, 1980). Tule Creek and Benrud Fields in northeastern 
Montana have had considerable production beyond original reserve 
calculations. Sampsel (1964) was the first to suggest the influence 
of differential salt solution on the Tule Creek Field and Swenson 
(1967) published details of the mechanism. 
North Dakota production of oil from the Birdbear began in the 
1960's with completion in the Charlson Field, McKenzie County. 
Six fields in North Dakota have produced from the Birdbear Formation 
(Fig. 66); all except the Missouri Ridge and Antelope Fields have 
produced only minor quantities of oil. Initial production calculated 
for the Antelope Field well was 225 BOPD. In mid-1982, the well 
produced 300 BOPD, after cotmningling with Duperow production. Three 
wells are producing from the Missouri Ridge Birdbear Field at a 
combined rate of 450 BOPD. 
Discussion 
Correlation of logs from wells in the area from Charlson Field to 
those from the Missouri Ridge Field indicates that production is 
generally from the same horizon within the Birdbear (Fig, 67). 
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Fig. 66. Map showing the names and locations of 
petroleum fields in North Dakota that have 
produced out of the Birdbear Formation. 
North Dakota Fields With Birdbear Production 
Mi~ri Ridge 
• Charlson 
K It Antelope eene 
• St. Jacob 
Amidon 
• 
0 
'"" 0 
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Fig. 67. Cross section of logs of wells located in the 
areas of Charlson and Missouri Ridge fields. 
Intervals of core recovery in NDGS well 
numbers 2602. 999. and 2887 are indicated by 
solid bars on the inner. left-side of the log 
columns. Intervals of performation in NDGS well 
numbers 2602 and 6642 are indicated by arrows 
pointing to open bars on the inner, right-side 
of the log columns. Log depths are in feet below 
kelly bushing election; datum is top of the Three 
Forks Formation. 
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Examples of well logs from the Tule Creek Field suggest production 
from a horizon similarly located in the Birdbear. Facies analysis 
reveals that the horizon approximately corresponds to the upper bank 
and back-bank environments, (lithofacies Band C, respectively). 
The mechanism of porosity development apparently is not identical 
in all producing areas. Northwest North Dakota fields produce from 
horizons that have significant porosity where it has not been 
occluded by void-fill calcite, saddle dolomite or anhydrite (Figs. 
68, 69). Northeastern Montana Birdbear fields apparently produce 
fran horizons endowed with intercrystalline porosity developed by 
intense dolomitization. Processes of dolomitization may have been 
localized in Montana by differential solution of the Middle Devonian 
Prairie Evaporite, the same mechanism that has trapped oil there 
(Anderson and Hung, 1964; Swenson, 1967). 
Bleached rocks f°rom the Birdbear Formation in the northeastern 
North Dakota contain sucrosic dolomite with intercrystalline porosity; 
unfortunately, no oil has been found in this area. Consideration of the 
origin of the porosity in the Birdbear in northeastern North Dakota 
suggests telogenetic mixing-zone dolomitization. Conditions similar 
to those in northeastern North Dakota were present in southwestern North 
Dakota (Figs. 4, 5) and, if similar telogenetic mechanisms occurred, 
mixing-zone dolomitization may have penetrated the Birdbear downdip. 
Billings County well 0859 contains both fine euhedral and sucrosic 
dolomite rhombs in an oil-stained matrix. Dolomitization of the Birdbear 
in the southwestern portion of North Dakota occurred by pressure-response 
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Fig . 68. Scanning electron photomicrograph of amphiporoid, 
interparticle porosity. Matrix is composed of 
carbonate mud and crystalline calcite. Length of 
scale bar is 0.00394 inch. Sample no. 2602-10,069.7. 
(UND 5-82-181-F). 
Fig. 69. Scanning electron photom.icrograph of dolomitic, 
intercrystalline porosity. Length of scale bar 
is 0.000394 inch. Sample no. 2602-10,062.6 
(UND 5-82-181-A). 
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processes and telogenetic, mixing~zone dolomitization. Telogenetic 
mixing-zone dolomitization probably also accounts for dolomite in 
the underlying Duperow Formation. Oil has accumulated where subtle 
but effective structural traps (e.g., the Billings anticline). 
occur. 
Petroleum in the Birdbear may have originated from a variety of 
sources. Webster (1982, p. 90) suggested mature Bakken oil may have 
migrated into the Birdbear through connecting vertical fracture 
systems over which a pressure gradient existed. Gerhard et al. 
(1982, p. 1006) indicated that the Birdbear may contain sufficient 
org~ics to be a "self-source" of hydrocarbons . Furthermore, 
Kirkland and Evans (1981), B.C. Schreiber (personal ccnmnunication, 
1981), and Schreiber and Hsll (1980) indicated that the association of 
organics with many evaporites suggests a hydrocarbon source within 
evaporites. It is suggested here that pressure solution may assist 
in generating liquid hydrocarbons and may be a necessary mechanism if 
hydrocarbons found in the Birdbear originated in the Birdbear 
(self-source) . 
In summary, porosity preservation or development in the Birdbear 
Formation is one result of complex diagenetic processes. In northeastern 
Montana, it is likely that some of these processes, as well as oil, 
were localized in the Birdbear by differential solution of the 
Prairie Evaporite. The lithologic horizon of production in the Birdbear 
can be correlated from Charlson to Missouri Ridge Fields; producible 
hydrocarbons are probably present in areas between the two fields. 
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Areally extensive dolomitization, occurred in the northeastern and 
southwestern portions of North Dakota. Hydrocarbons have been trapped 
in subtle structures in southwestern North Dakota and entrapment 
structures may be present in this area. 
CONCLUSIONS 
1. Six lithofacies can be recognized in the Birdbear Formation 
and most are laterally persistent. 
2. Birdbear rocks were deposited initially in shallow, 
normal-marine conditions which developed into shallowing-upward 
depositional environments in an epeiric sea. 
3. Sedimentary structures in Birdbear rocks indicate that storm 
processes in an epeiric sea played a dominant role in 
sedimentation, especially in areas of rocks interpreted as 
originating in sabkha environments. 
4. Pathwaysof diagenesis can be divided into five categories; 
although two categories apply only to areas of the Birdbear 
influenced by subaerial exposure during major regression. 
5. Diagenetic features may be the result of more than one process; 
however, all processes have in common the generation of 
"opportunistic ions." 
6. Pressure response seems to be a major process of diagenetic 
alteration through particle--fluid film--particle solution 
or intraparticle (intraunit) solution processes. Stylolites 
clearly indicate the presence of pressure-response mechanisms. 
One result of these mechanisms is a nodular or mottled 
structure. Epigenetic and late diagenetic processes--calcitizat:lon 
(void-fill and non-void fill), anhydrite genesis, dolomitization, 
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silification, and perhaps hydrocarbon generation--may have 
been strongly influenced by pressure-response processes. 
7. Significant Birdbear porosity developed through localized 
preservation of original porosity or through mixing-zone 
dolomitization which is best recognized in northeastern 
North Dakota and applied to southwestern North Dakota. 
Mixing-zone dolomitization is probably responsible for the 
extensive dolomitization recognized in the Birdbear and 
Duperow Formations of the Billings anticline area. 
FUTURE STUDIES 
1. Additional documentation of epeiric sedimentation would assist 
to develop better modeling for ancient deposits . More 
definitive evidence may be available in the record (e.g., 
areally extensive storm-lag deposits to be found in shallow 
subtidal rocks); if so, there may be significant correlation 
between core sites. 
2. Application of the epeiric-stonn model to other shallow-water 
intracratonic formations may contribute to overall understanding 
of depositional histories, especially of other Williston Basin 
carbonates. 
3. Additional diagenesis studies would help confirm diagenetic 
processes proposed in this paper. Methods of fluid-inclusion 
analysis, isotope measuring, trace element analysis and 
cathodoluminescence analysis would each contribute toward 
understanding of Birdbear diagenesis. 
4. One consequence of additional diagenesis studies might be 
a clearer picture of the spatial extent of telogenetic processes 
on Birdbear rocks. Telogenetic dolomitization of the Billings 
anticline area could be confirmed. 
5 . Perhaps an additional consequence of further studies of diagenesis 
would be more direct evidence of the role of pressure response. 
Careful paragenetic analysis in the immediate vicinity of 
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stylolites may be helpful . 
6. Pressure response and hydrocarbon-maturation relationships 
should be carefully considered. 
/ 
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APPENDIX A 
WELL LOCATIONS, LEGAL DESCRIPTIONS AND FORMATION DATA 
TABLE 4 
Well infonnation is arranged alphabetically by county and 
numerically by North Dakota Geological Survey well numbers within 
counties. Locations of the wells are based on the standard 
Land Office Grid System. In the appendix heading, QTR stands 
for the first and second quarter of a section; SEC, T, and R 
stand for section, township and range, respectively. All townships 
and ranges in North Dakota are north and west, respectively, of 
the principal baseline and meridian. The Kelly bushing (KB) units 
are in feet above sea level . Units of the Birdbear top are in 
feet and is the difference between the Kelly bushing elevation 
and the depth were contact occurs between the top of the Birdbear 
with overlying strata. Formation thickness is in units of feet 
and was determined by calculating the difference between the top 
of the Birdbear and the top of the underlying Duperow, where 
log depth was sufficient to penetrate the top of the Duperow. 
The logs listed were used as control points on Plates 1 and 2 
and are represented as open circles on the plates. 
APPENDIX A 
WELL LO CAT IONS • LEGAL DESCRIPTIONS AND FORMATION DATA 
TABLE 4 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
ADAMS COUNTY 
6050 swsw 30-129-98 AMERADA HESS/HOLMQUIST #1 2695 5405 76 
6322 NESW 7-130-91 ENERGETICS INC./SOELBERG #23-7 2453 4890 58 
7642 NWSE 28-130-95 AMOCO PROD./J. CHRISTMAN Ul 2804 5316 70 
7939 SESW 32-131-98 AMOCO PROD. /HIRSCH Ill 2805 5783 67 ~ 
8091 NESW 7-129-94 SUPRON ENERGY /MILLER Ill 2648 5169 73 00 .,,. 
BENSON COUNTY 
1, 616 NESW 5-156-68 SHELL OIL/B. JORGENSON Ul 1584 1044 
632 NWSE 31-154-70 CALVERT DRLG, / J. STADUM Ul 1637 1568 38 
645 NENW 27-153-67 SHELL OIL CO. /M. CHRISTENSEN /Jl 1492 971 23 
654 SENE 21-152-69 SHELL OIL CO./E. SPIDAHL Ill 1589 1334 27 
683 NENE 2-154-69 SHELL OIL CO. /R.R. HOFSTRAND Ill 1767 1213 45 
692 NESW 2-156-67 SHELL OIL C0./0. SINNESS 01 1490 760 31 
695 SWSE 14-155-67 SHELL OIL CO./J.O. BLEGEN #1 1469 855 41 
BILLINGS COUNTY 
291 NWNE 9-139-100 AMERADA PET./H. MAY 01 2774 7876 68 
3746 swsw 10-138-100 DAVIS OIL/KEVIN-FED, Ill 2814 7701 68 
3927 NWNE 21-139-101 AMERADA PET./USA HODGE 01 2548 7827 63 
4833 NENW 34-141-100 AL-AQUITAINE EXPL./AL-AQ, /11-34 2594 8061 76 
6418 swsw 29-143-100 TENNECO OIL/B.N. #2-29 2647 8285 79 
6452 NWSW 16-143-98 GULF OIL EXPL./SYMIONOW #1-16-4A 2586 8621 84 
6472 NESW 16-144-98 GULF OIL/STATE 02-16-4B 2536 8709 88 
WELL 
NO. 
6658 
6744 
7065 
7307 
7384 
7508 
7591 
7690 
7996 
8075 
8337 
8558 
QTR 
SESE 
NENW 
NESW 
SENE 
NWNW 
NWNW 
NENW 
swsw 
NESE 
NWSE 
NESE 
NWSE 
SEC-T-R 
15-141-101 
22-142-99 
35-142-100 
22-143-99 
23-142-98 
2-140-100 
9-142-102 
19-143:-:lQl 
33-141-98 
8-142-101 
30-141-102 
29-144-99 
BOfTINEAU COUNTY 
110 NWNW 23-161-75 
r,. 895 NWNW 14-162-76 
1102 SWNE 2-161-74 
7\1673 NESW 23-163-74 
4347 NESW 9-163-78 
4655 SESW 31-162-78 
4790 SESE 20-159-81 
4846 · NENW 8-163-81 
4924 NENE 2-161-81 
5071 NWSW 34-160-81 
5141 SWNE 33-164-77 
5184 SENE 14-162-77 
5280 swsw 24-161-76 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
J. CHAMBERS/F. CRK. St. 0 1-15 
HUNT TRUST/HLEBECHUK Ill 
SUPRON ENERGY/FED. 35-142-100 
AMOCO PROD./KNUTSON ill 
CRYSTAL EXPL./KUNTZ #11-23 
CONOCO, INC./C.F. SADDLE 02-l 
DIAMOND SHAMROCK/R. SHIPARO #21-9 
J. CHAMBERS EXPL. /BLACKTAIL /13-19 
MOSBACHER-PRUTT/VOLESKY 833-1 
CONCX:::O INC./HANSON 08-l 
PATRICK PET./PAT.-llARRIS Ul-30 
AMOCO PROD./THOMPSON #B-lA 
LION OIL/G. HUSS Dl 
LION OIL/WALLACE Ill 
CARDINAL DRLG./J. ANDRIEUX Ill 
GENERAL CRUDE/M. RUDE #1 
CARDINAL-ET AL/EK.REHAGEN Ill-A 
AMERADA PET./LILLESTRAND 01 
UNION OIL/STEEN Dl 
LAMAR HUNT /W. CRANSTON DI 
UNION OIL/HUBER 111-A-2 
W.G. HELIS EST./E. VAN HORN DI 
GEMINI-ET AL/CARL #1-X 
CHAMPLIN PET./C. BRIDGER 81 
MCMORAN EXPL./DERAAS #1 
KB 
2436 
2712 
2759 
2772 
2648 
2783 
2529 
2373 
2618 
2523 
2603 
2675 
2205 
1683 
1664 
2160 
1532 
1486 
1517 
1518 
1514 
1503 
1598 
1552 
1527 
BIRDBEAR 
TOP 
8108 
8520 
8271 
8629 
8454 
8327 
8169 
8272 
8192 
8107 
7883 
8675 
1850 
2127 
1812 
1645 
2499 
2838 
4030 
3062 
3424 
3820 
2212 
2379 
2296 
BIRDBEAR 
THICKNESS 
74 
83 
80 
86 
77 
77 
72 
63 
73 
73 
69 
88 
102 
92 
100 
103 
91 
103 
96 
85 
116 
104 
95 
..... 
00 
V, 
WELL 
NO. 
5692 
6021 
6126 
NENW 
NENW 
SWNW 
BOWMAN COUNTY 
4654 SWNE 
4662 SESE 
4954 NENE 
* 5000 swsw 
5070 NWNW 
-/./ .. jA..5200 NWNW 
5227 NWNW 
5347 NWSE 
5402 NENW 
5421 SWNE 
5772 NWNW 
5888 NWSW 
5904 NWNE 
5920 NWNE 
6074 SESE 
6370 SWNE 
6600 NESE 
6657 SENE 
6814 SESE 
8232 SESE 
8250 NENW 
SEC-T-R 
32-159-82 
27-161-82 
36-163-80 
30-130-102 
8-129-104 
13-130-104 
28-131-105 
15-131-105 
13-129-105 
26-1.29-103 
8-131-104 
28-1.29-101 
15-130-104 
5-131-100 
15-132-104 
34-131-103 
20-130-102 
2-129-102 
21-129-100 
28-129-104 
4-129-101 
31-130-103 
5-1.30-104 
1-131-104 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
KIRBY EXPL./BROOKS 01-32 
CITIES SERVICE/W. RICE IA-1 
PLACID OIL/ROSENDAHL 136-5 
INT. NUCLEAR CORP./J.M, SUSA Ul-61 
SUPERIOR OIL/HOLECEK #1 
AMARILLO OIL/FOSSUM 02-13A 
PEL-TEX INC./SUPERIOR ET AL #1 
PENNZOIL UNITED/SWANKE 01 
EASON OIL/C. OLSON 01-13 
DEPCO INC./GRENI #33-26 
DEPCO INC,/HOLMQUIST 131-8 
KENNETH LUFF/JETT Ul-28 
RAINBOW RES,/HESTEKIN U2A 
TRUE OIL/FISHER #11-5 
K.D. LUFF-HANOVER/GUNDVALSEN #1-15 
PETROLEUM INC./HILTON DI 
KENNETH LUFF/PETERS 01-20 
FARMLAND INT./RICHARDS-S.R. 01-2 
C.F. BRAUN/PALCZEWSKI Dl 
PETROLEUM INC./ARITHSON "E11 /11 
CONSOLIDATED OIL/LEWISON DRUG 01 
TERRA RES./T. NYGAARD 01-31 
DAVIS OIL/VOIGHT Ill 
ANADARKO PROD./BOWMAN-FED "A" f!l 
KB 
1587 
1553 
1499 
2935 
3252 
3160 
2977 
2960 
3135 
2938 
3042 
2889 
3145 
2892 
3167 
3043 
2960 
2857 
2787 
3039 
2813 
3015 
3167 
3161 
BIRDBEAR 
TOP 
4126 
3737 
3007 
561.5 
5221 
5509 
5488 
5242 
5758 
5401 
5473 
6136 
5947 
5770 
5610 
5463 
5554 
5167 
5618 
5437 
5628 
5889 
BIRDBEAR 
THICKNESS 
97 
95 
99 
39 
14 
18 
3 
31 
18 
60 
30 
69 
42 
40 
50 
57 
64 
34 
63 
32 
6 
35 
..... 
00 
(1\ 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
BURKE COUNTY 
2033 swsw 30-160-94 RUNT OIL/C. OVERLEE #3 2389 7036 96 
2800 SWNW 13-163-89 SUNRAY D-X OIL 1889 4824 119 
3154 NENE 12-163-92 MAR-WIN DEVELOP./R. HANSON 83-D 1952 5353 95 
5908 NWNE 33-164-90 CHANDLER & ASSOC. /WILSON 02-33 1901 5016 104 
5919 SESW 30-161-94 HOME PETROLEUM/SUNFLCYI /11 2459 6718 95 
5956 NWNW 3-161-90 CHANDLER & ASSOC./EWING #3-3 1969 5633 119 .... 0) 
6607 NENE 5-161-94 NORTH CENTRAL OIL/PRIEBE STATE 01 2404 6486 94 -..J 
6802 SWNW 24-160-93 BROWNLIE ET AL/W. INVEST. #24-12 2394 6797 100 
BURLEIGH COUNTY 
701 NENE 36-144-75 HUNT TRUST/UNIVERSITY #1 2023 2580 46 
756 SESE 32-137-77 HUNT TRUST/R. NICHOLSON Bl 1891 2781 40 
763 SESE 14-144-77 HUNT TRUST/A. NOVY 01 1947 3149 so 
772 NWNW 23-140-79 HUNT TRUST/P. RYBERG 01 2007 3445 52 
1409 NWSE 11-140-77 CALVERT AND LEACH/PATIERSON Ul 2019 2906 48 
4389 SWNE 33-141-80 T. VESSELS AND BASS/H. BOURGOIS #1 2126 3952 62 
4685 swsw 19-140-80 E. C. JOHNSON /EDWARDS Ill 1865 3917 64 
6264 NENE 9-139-76 TOM MARSH/FUNSTON #1 1938 2666 27 
8674 swsw 17-141-76 SUNMARK EXPL. CO. /THORSON Ul 1874 2945 35 
CAVALIER COUNTY 
27 NWNW 28-159-63 UNION OIL/SKJERVHEIM Ill 1562 1 37 
~ 36 NWNE 12-161-60 UNION OIL/U.C.L-1 ELLIS 1646 
37 SWNW 26-162-64 UNION OIL/RESTAD #1 1630 73 15 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
,_)(1694 NWNW 10-162-63 JOHNSON OIL/E. MOORE Ul 1586 
2521 NESE 35-161-62 AMERADA P'F:f. / A. LOEWEN ill 1582 158 76 
DIVIDE COUNTY 
f 2010 NWNE 7-163-102 CARTER OIL/D. MOORE Dl 2206 5789 
4507 NENE 21-163-101 PETROLEUM INC. / 0 . HELLEN Ill 2214 6026 100 
4837 NENE 12-160-100 MIAMI OIL PROD./R. HAGEN 01 2112 7017 98 I-' 
5246 NENE 5-161-95 SHELL OIL/V. TANBERG Ul 2364 6405 85 (X) (X) 
5248 NENE 10-160-98 OIL DEV. CO. TEXAS 2242 7008 101 
5404 SESE 23-163-99 E.M. DAVIS-TIGER OIL/MATHEWS ill-23 2209 6110 108 
5989 NESE 31-164-95 W.A. MONCRIEF/KEBA #31-1 1903 5782 99 
6429 SWSE 26-162-103 HUNT TRUST/SKABO #1 2144 6300 101 
6541 SENE 13-162-100 TIPPERARY OIL 2349 6337 110 
6603 SWSW 36-160-96 CHAPMAN EXPL./STATE #1-A 2295 7150 97 
6673 NESW 30-160-102 HUNT TRUST /NELSON Ul 2100 7025 105 
6705 SWSE 25-161-103 MOSBACRER-PRUET/G. ANDERSON #1 2101 6588 96 
6751 NWNW 3-161-101 PATRICK PET./JOHNSON Dl 2244 6498 98 
6798 NESE 16-162-96 SHELL OIL/RINDEL 043-16 2141 6264 108 
7116 NESW 24-160-99 TERRA RES./SIMLE FED. /11-24 2236 7193 96 
DUNN COUNTY 
505 SENE 6-141-94 MOBIL OIL/DVORAK 2296 8004 80 
607 SWNE 24-149-93 MOBIL OIL/KENNEDY 2149 8709 92 
793 SENW 22-149-91 MOBIL OIL/S. BIRDBEAR 01 2092 8218 90 
3044 NENE 27-143-92 AMERADA PET./M. SELLE 01 2200 7691 85 
4957 NWNW 8-147-93 MIAMI OIL/H. ROBE EST. Dl 2212 8555 82 
/tlz.o-
WELL 
NO. 
5512 
5621 
6105 
6148 
6182 
6477 
6489 
6530 
6591 
6828 
7584 
7707 
7745 
7978 
8107 
8115 
8235 
8394 
8396 
8536 
QTR 
NENW 
NENW 
SWNW 
swsw 
NENW 
SESW 
NENE 
SENE 
NWNW 
NENE 
NENW 
NESW 
NENE 
NWSE 
SWNE 
NESW 
SESE 
SESE 
SENE 
SWSE 
EDDY COUNTY 
437 NWNE 
768 NENE 
SEC-T-R 
11-148-96 
23-142-97 
11-146-96 
2-141-96 
21-146-94 
2-142-95 
30-144-96 
18-141-95 
35-143-94 
8-145-94 
8-145-95 
35-145-93 
10-147-92 
17-145-91 
23-147-96 
24-142-92 
36-144-92 
14-146-93 
15-141-97 
7-144-93 
16-150-67 
8-150-65 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
ADOBE OIL/SIGNALNESS DI 
MESA PET. /ROSHAU Ill 
AMOCO PROD./W. LUBKE 91 
AMOCO PROD./A. HEISER Ul 
TRUE OIL/BENZ 821-21 
AMOCO PROD./FICEK Ul 
AMOCO PROD./R. KAREY 01 
AMOCO PROD./WOLBERG Ul 
AMOCO PROD./ANDERSON DI 
AMOCO PROD,/MERRILL Ul 
AMOCO PROD./ROSHAU 01 
TERRA RES./BORTH Dl-35 
SANTA FE/Y. BEAR #1 
TERRA RES./TOZIER Ul-17 
AMOCO PROD. /ENGVOLD Ill-A 
KELDON OIL/DRESSLER /11 
SANTA FE/COYarE CK. /11-36 
ANR PROD. /FLB ASKEW ill-14A 
PUMA PET./HECKER Hl-15 
TERRA RES./KLING lll-7 
CALVERT EXP.CO./STATE Ill 
CALVERT EXP, CO. /STATE Ill-A 
KB 
2107 
2583 
2673 
2615 
2186 
2287 
2310 
2595 
2130 
2337 
2322 
2257 
2048 
2223 
2538 
2277 
2258 
2417 
2546 
2251 
1478 
1561 
BIRDBEAR 
TOP 
8862 
8288 
8816 
8106 
8791 
8263 
8679 
8004 
8100 
8594 
8752 
8278 
8324 
7920 
8877 
7481 
7722 
8399 
8255 
8252 
1086 
689 
BIRDBEAR 
THICKNESS 
89 
85 
84 
84 
92 
95 
88 
80 
87 
79 
88 
85 
93 
82 
84 
86 
90 
83 
81 
88 
23 
36 
.... 
00 
\0 
APPENDIX A~Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
EMMONS COUNTY 
r , 43 NESE 8-132-78 PEAK DRLG CO./OLHAUSER 01 1820 
742 SENW 30-134-75 MOBIL PROD,CO./KRUSE F22-30P 2044 2115 12 
7101 swsw 10-132-76 KELDON OIL CO./HORNER 03 1887 2032 13 
7936 NWNW 13-136-75 CHEVRON ET AL/RAMBOUGH 01 1925 2101 3 
FOSTER COUNTY I-' 
\0 
0 
I 652 S SW 20-145-67 S.D. JOHNSON/J. TAYLOR 01 1659 
661 SESE 17-145-66 S.D. JOHNSON/BURNHAM 01 1599 
1126 NWNW 10-146-67 CARDINAL DRLG./J.M. ANDERSON Ul 1589 
GOLDEN VALLEY COUNTY 
470 NESE 15-140-105 BLACKWOOD NICHOLS/GILMAN 01 2866 7538 51 
4130 SWNW 9-138-105 AMERADA PET. /R. WALDRON 01 2867 7038 35 
4791 NW 29-141-104 WOODS PET./SLOCOMB 01 2895 7654 55 
5438 NENE 27-141-105 TEXAS GAS EXPL. /G. BROWN Ul 2710 7541 46 
6272 NWNW 22-137-106 SHELL OIL/KREMERS fl21X-22R 3034 6515 29 
6319 NENE 22-136-105 APACHE/LANGDON ill 2694 6670 33 
6508 NWSW 1-144-104 TERRA RES./MESSERSMITH 01-1 2451 8283 71 
6562 NENW 23-144-105 TENNECO OIL/R. GASHO fll-23 2579 8094 70 
6563 NWNE 4-139-105 SHELL OIL/SMITH 831-4 2744 7448 38 
6813 SENE 26-143-103 DIAMOND SHAMROCK/WILLIAMSON FED. 842-26 2616 8131 68 
6947 NESW 18-144-103 TERRA RES./M:>SSER 111-18 2531 8364 71 
7679 SENE 25-141-104 J.L. HAMON OIL/TESCHER #2 2673 7765 61 
7753 SENE 7-141-104 MORAN EXPL./KUNICK 01 2759 7710 40 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO, QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
7784 NYSE 23-136-106 TRUE OIL/STARK 033-23 2937 6421 41 
7842 swsw 28-1370-:103 BASS ENTERP, /B. B11fTE FED. 1128-1 2728 7129 61 
7969 NWSE 32-142-105 MORAN EXPL./STECKER #1 2692 7570 39 
8460 NWNE 31-141-103 J.L. HAMON OIL/TESCHER Hl 2726 7774 66 
GRANT COUNTY 
232 swsw 26-133-83 YOUNGBLOOD/KELSTROM 81 1997 3621 49 I-' 
3636 SWNE 1-133-90 CARDINAL/BIERWAGON /Jl 2350 5219 61 '° .....
5118 SWSE 23-130-88 HELMRICH PAYNE, INC. /B. NORTHERN L 23-1 2206 4064 45 
5496 SENW 5-134-90 WAINCO INC,/KRAUSE 022-5 2420 5491 66 
6420 swsw 7-132-86 M.R. YOUNG OIL/BURLINGTON #1 2285 4233 50 
HETTINGER COUNTY 
4984 NWNE 12-135-92 PUBCO PET,/HABERSTROH #12-2 2524 5996 62 
5447 NENW 15-136-92 W.H. HUNT/VALENTINE SENN /11 2429 6186 62 
5783 NWNE 35-136-93 FARMERS UNION/GROSZ 112-35 2548 6350 65 
6795 SENE 19-136-97 WEXPRO/JIRGES 01 2692 7070 68 
7075 SWSE 26-133-93 AMOCO PROD./C. ROKUSEK 01 2517 5739 73 
7231 SESW 22-134-93 DIAMOND SHAMROCK/BLICKENDORF #24-22 2367 6067 72 
7876 NENW 14-136-96 AMOCO PROD,/KENNY !fl 2738 6855 70 
7965 NENE 31-134-96 GULF OIL EXPL./ZENKER Ul-31-2B 2829 6372 69 
8010 NWNE 25-133-97 AMOCO PROD,/URLACHER ST. 01 2677 6186 72 
KIDDER COUNTY 
24 SENE 36-141-73 MAGNOLIA PET. CO./STATE A-fil 1968 2032 25 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. qrR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
7 230 NESE 16-143-71 CARTER OIL/STATE Ul 1892 
748 NWNE 32-142-74 HUNT TRUST/E.B. SAtrrER fJl 1848 1179 42 
LOGAN COUNTY 
? 590 6-136-73 HUNT TRUST/F.M. FULLER 2011 SWSE I-' 
"7 5523 NW 29-135-73 WISE OIL CO./WEIGEL 01 2117 '° N 
MCHENRY COUNTY 
39 NESW 3-157-78 HUNT OIL/SHOEMAKER #1 1480 3250 81 
61 NWSE 17-153-77 HUNT OIL/P. LENERTZ 1570 3339 76 
1354 NWNW 26-156-77 LION OIL/ED Ill 1489 2973 82 
2675 NWNW 34-159-79 AMERADA PET./T. PFAU #1 1478 3374 86 
5279 NES'W 34-157-76 MCMORAN EXPL. /STATE Ill 1476 2780 81 
5281 swsw 16-158-75 MCMORAN EXPL. /STATE #2 1470 2454 81 
5283 NENE 34-158-77 MCMORAN EXPL. /FAIRBRafHER Ill 1477 297.7 80 
8307 NENW 31-155-77 ASAMERA OIL/LARSON lll 1516 3175 86 
MCINTOSH COUNTY 
7 89 NENE 15-131-73 GENERAL ATLAS/A. KETTERLING Ill 2176 
WELL 
NO. QTR SEC-T-R 
MCKENZIE COUNTY 
147 NWNW 15-152-96 
527 NWNE 13-148-98 
1405 NWNE 27-150-96 
249/1 SWSE 19-151-94 
2602 SENE 6-153-95 
2820 NWSW 5-151-95 
3387 NWNW 7-152-94 
3645 SESE 24-145-105 
4061 NWNW 16-152-93 
4062 SENW 28-148-101 
4085 SESE 2-149-97 
4095 SESE 34-151-96 
4439 NESE 18-151-103 
4807 SENW 24-151-101 
5345 NENE 27-150-103 
5936 NWNE 29-149-95 
6049 SESE 8-148-102 
6609 SWNW 34-148-104 
6613 swsw 12-148-105 
6616 NENW 26-153-101 
6790 SWNW 35-152-102 
6826 NENW 19-149-97 
6839 NESE 1.1-150-104 
6846 SESE 15-146-101 
6907 SWNE 5-149-102 
6959 SESW 30-145-99 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
AMERADA PET./G. WOLLAN Dl 
CALIFORNIA/ROUGH CREEK 01 
AMERADA PET./C.E. PECK D2 
CARTER OIL/YELLOWFACE #1 
TEXACO INC./S. GARLAND 05 
TEXACO INC./F.P. KEOGH #4 
AMERADA PET./ANTELOPE /IF-1 
QUITANA PET./USA 01 
MOBIL OIL/GRADY HEIRS F-11-16-1 
SHELL OIL/22X-28-l 
AMERADA PET./DORIS 01-USA 
AMERADA PET./SIGNALNESS-T. /Jl 
J.H. MOORE ET AL/OLSON #1 
CONSOLIDATED OIL/F.L.B. ll24-1 
CHANDLER & ASSOC./FED. Ul-27 
ASHLAND EXPL. /NELSON fl l-29 
KERR-MCGEE/F. RINNMAN #1 
BROWNLIE ET AL/HATTER /1 34-U 
SHELL OIL/USA D14X-12-ll 
MOSBACHER-PRUET/F.L.B. Dl-26 
SUPERIOR OIL/D. LINK 81 
SAMEDAN OIL/KELLY #1 
SHEIJ.. OIL/U.S.A. 843-11 
PENNZOIL EXPL./P.-DEP. 015-44-BN 
SUNBEHM GAS/N. ROD Ul 
LADD PET./DUNCAN FED 030-24 
KB 
2480 
2472 
2342 
2205 
1983 
2416 
2190 
2379 
2020 
2214 
2212 
2432 
2200 
2130 
2248 
2294 
2446 
2458 
2243 
2100 
2276 
2244 
2066 
2443 
2313 
2493 
BIRDBEAR 
TOP 
8300 
9057 
8698 
8742 
8041 
8447 
8285 
8136 
8738 
8988 
8879 
8590 
8693 
8946 
8757 
8895 
8755 
8482 
8431 
8768 
8802 
9132 
8674 
8647 
8767 
8637 
BIRDBEAR 
THICKNESS 
82 
91 
82 
90 
97 
95 
78 
72 
105 
65 
91 
92 
88 
91 
88 
91 
81 
77 
66 
93 
81 
95 
80 
80 
85 
90 
.... 
'° I.,.) 
WELL 
NO. 
6966 
7008 
7233 
7314 
7561 
7579 
7611 
7631 
7647 
7673 
7680 
7685 
7704 
7879 
7943 
8020 
8090 
8094 
8215 
8238 
8285 
8287 
8314 
8322 
8372 
8399 
8400 
8409 
QTR 
SESW 
NWNW 
NWSW 
SENE 
SWSE 
SENE 
NENW 
NENE 
SESW 
swsw 
SENE 
SWNW 
NESE 
NENE 
NENW 
SWNE 
NESE 
SESW 
SESE 
NESE 
SWNE 
. NWSE 
SENE 
SfWSE 
NWNE 
NENW 
NWSW 
SWNE 
SEC-T-R 
36-146-104 
11-151-97 
16-153-97 
25-145-101 
31-153-95 
24-145-104 
21-146-99 
33-151-99 
4-149-104 
20-150-94 
36-147-103 
34-147-99 
23-150-98 
22-149-100 
23-149-99 
34-150-99 
6-152-95 
9-149-103 
25-147-98 
6-146-103 
8-152-102 
18-146-104 
8-147-103 
34-151-102 
26-150-100 
29-150-101 
17-145-102 
34-149-103 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
SHELL OIL/GETTY ST. #24-36 
SUPRON ENERGY/ROLFSRUD 01 
GETTY OIL/T. GARDEN 016-12 
BELCO PET./SHEEP CRK. 816-25 
TEXACO INC./W. QUALE 03-X 
SHELL OIL/USA 042-24A 
PENNZOIL EXPL./G. BUTTE 021-21 
TEXACO INC./TORSTENSON 01 
SHELL OIL/USA 044-A 
HELMERICH-PAYNE/MATTHEW #1-20 
PENNZOIL-DEPCO/MILE BUT. 036-42 
PENNZOIL EXPL./SLAWSON 034-12 
GULF OIL EXPL./SHAFER S. 01-23-3B 
CHAMPLIN PET./S. ROGNESS 01 
AMOCO PROD. /HAMRE 01 
ALPAR RES,/ROGNESS //1-34 
AMERADA HESS/GRIMESTAD 04-6 
GETTY OIL/CHARBONNEAU #9-14 
GULF OIL/MORMON FED. #l-25-3C 
SHELL OIL/USA 043-6-117 
GULF OIL EXPL./REHBERG Ul-8-2D 
SHELL OIL/USA 033-18-123 
SHELL OIL/USA IJ42 .... 8 
H.N.G./LINK 834-1 
MOBIL OIL/ROGNESS 01 
TEXAS GAS/NYGAARD Ql-29 
PENNZOIL/SIX CRK. 1127-13-BN 
PATRICK PET. /WINTER FED. #1-34 
KB 
2502 
2291 
2052 
2353 
2325 
2664 
2628 
2137 
2204 
2231 
2380 
2581 
2022 
2209 
2380 
2114 
2331 
2285 
2512 
2329 
1989 
2450 
2221 
2269 
2331 
2320 
2205 
2375 
BIRDBEAR 
TOP 
8361 
8839 
9231 
8547 
8194 
8356 
8877 
9092 
8548 
8794 
8598 
8990 
9178 
9010 
9124 
9141 
8313 
8712 
8864 
8463 
8770 
8330 
8597 
8781 
9075 
8875 
8482 
8704 
BIRDBEAR 
THICKNESS 
76 
95 
105 
85 
99 
62 
92 
93 
76 
85 
82 
96 
95 
93 
96 
94 
88 
77 
89 
83 
91 
79 
83 
89 
92 
85 
78 
81 
I-' 
\0 
""" 
'WELL 
NO. 
8471 
QTR 
NENW 
MCLEAN COUNTY 
22 NE 
49 swsw 
7783 SENW 
8060 SWNE 
MERCER COUNTY 
21 NWNE 
--"* 377 swsw 
3492 SWSE 
6683 NWSW 
MORTON COUNTY 
1620 SESE 
3978 SENW 
5979 NWNW 
7340 NWSE 
7770 NWSW 
7818 SESE 
7937 NENE 
8395 SWSE 
8553 SENW 
8630 SESW 
SEC-T-R 
22-149-96 
10-146-81 
28-150-80 
1-150-90 
7-148-89 
28-142-89 
10-144-88 
25-146-90 
13-143-90 
27-139-90 
34-137-83 
18-136-81 
26-140-88 
6-138-85 
5-140-89 
19-138-86 
1-137-87 
17-140-82 
2-134-83 
APPENDIX A~Continued 
OPERATOR/WELL NAME KB 
APACHE/FEDERAL 022-1 2406 
SAMEDAN OIL/VAUGHN-H 1994 
STANOLIND OIL/MCLEAN 01 2100 
HOME PET./TRIBAL Dl-1 2212 
APACHE/SOLCUM Ul 2109 
F.F. KELLY/F. LEtrrZ Ul 2287 
WILLISTON OIL/BOECK.EL ET AL 2059 
CONTINENTAL OIL/G. SCHUH 2309 
TRUE OIL/HAUCK #13-13 2097 
PAN AMERICAN/R. VETTER fJl 2426 
AUSTRAL OIL/J. LEINGANG #1 2281 
HOUSTON OIL & MIN/HAIDER ET AL 1907 
AMOCO PROD. /RICHTER 11 2230 
AMOCO PROD./KARCH Dl 2076 
AMOCO PROD./WERRL 01 2284 
AMOCO PROD./OLSEN #1 1965 
SUNMARK EXPL. /J. LARSON Dl 2211 
SHELL OIL/VOGEL 022-17 1994 
PENNZOIL/RAILROAD 02-24 2146 
BIRDBEAR 
TOP 
8898 
4596 
4356 
7643 
7551 
6941 
6878 
7588 
7303 
6374 
4243 
3733 
6072 
5244 
6612 
5374 
5407 
4536 
3864 
BIRDBEAR 
THICKNESS 
91 
75 
82 
99 
95 
79 
83 
92 
77 
69 
60 
76 
53 
85 
73 
74 
72 
50 
t-' 
\0 
V, 
APPENDIX A--Continued 
WELL BIRDBEAR. BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
MOUNTRAIL COUNTY 
2695 NENW 9-150-92 HUNT PET./J.D. BULL Ul 2115 8575 98 
3686 NENE 10-151-93 OCCIDENTIAL PET./J.C. JOHNSON Ol 2159 8811 103 
5072 NENE 22-158-94 AMERADA HESS/ERICKSON 02X 2367 7633 96 
6087 SWSE 9-157-94 BROWNLIE ET AL/JORSTAD #9-34 2325 7584 101 
6677 NESE 14-157-90 TRUE OIL/HALVORSON 843-14 2305 6684 108 
6764 NENW 2-155-90 D.C. SLAWSON/KVAMME 02-1 2220 7074 116 .... 
6872 NESE 16-153-88 MARATHON OIL/OLSON STATE 01 2108 6860 104 '° a-
7741 swsw 28-156-94 KISSINGER PET./ORTLOFF 813-28 2331 8304 116 
8071 NENW 3-152-90 LEAR PET./SCHOOL DIST 03, #1 1967 7493 100 
8371 swsw 17-157-91 TRUE OIL/KUSTER #14-17 2308 7306 114 
OLIVER COUNTY 
95 SESW 3-141-81 YOUNGBLOOD/WACHTER #1 1924 4290 68 
4940 SESW 24-142-85 GENERAL AMERICAN/HENKE 11-24 2253 5521 76 
PIERCE COUNTY 
435 SWNE 12-158-69 E. JACKSON BROWN/B. BECXMAN #1 1589 995 59 
538 NESE 17-154-72 CALVERT DRLG. /RANBERG ill 1566 1964 66 
706 SESE 23-157-70 SHELL OIL/G. MARCHUS 1652 1338 47 
:,.- 716 NWNE 31-58-70 SHELL OIL/J. BACHER 01 1608 1217 
3920 SESE 23-152-74 A.J. HODGES/MARTIN 01 1605 2367 53 
5576 swsw 34-152-73 GET'l'Y OIL CO./L. VETTER Dl 1579 2258 55 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
RAMSEY COUNTY 
196 NENE 16-154-65 CARTER OIL CO./A. MACDAIRMIO 01 1487 
411 SWSE 11-158-63 S.D. JOHNSON/WERNER #1 1557 
2523 SESE 5-157-63 AMERADA PET./MYKLEBUST #1 1501 
2612 NWNW 11-158-62 AMERADA PET./F. SKAAR Ul 1561 
I-' 
RENVILLE COUNTY 
'° -...J 
6401 NESW 10-163-87 SHELL OIL/WISDAHL 1123-10 1703 4371 104 
6504 SWNE 1-162-87 STONE OIL/ONES #1 1716 4545 112 
6684 NENW 2-161-85 SHELL OIL/D. OSTERBERG #21-2 1713 4288 107 
7577 SWNW 15-160-86 SHELL OIL/DEWING #12-15 1842 4891 100 
ROLETTE COUNTY 
316 NWSW 23-160-70 EVANS PRODUCTION/JOHNSON /Jl 1691 1139 86 
1-, 553 NWSW 6-163-69 S.D. JOHNSON/LAWSTON #1 1868 762 
569 SWNW 31-164-70 S.D. JOHNSON/BRYANT EST. 01 1919 1032 89 
)'615 SENE 20-162-69 SUN OIL/W. WAYNE #1 1809 881 
H02 SESW 10-159-71 SHELL OIL/E.M. ABLE fll 1599 1397 
'*754 swsw 18-161-70 BRITISH AMERICAN OIL/S. GRENIER Ul 1734 1222 
806 NESE 14-163-73 BRITISH AMERICAN OIL/H. DIETRICH Ill 2180 1431 89 
~17 NESE 22-160-72 LION OIL/NELSON #1 1602 1493 
1'1517 NWNW 16-162-71 CITIES SERVICE OIL/CHIPPEYA 2158 1220 
1630 NWSE 19-161-72 GENERAL CRUDE OIL/ A. RIGGENS #1 1633 1611 86 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
SHERIDAN COUNTY 
665 NENE 15-148-76 HUNT TRUST/J. WALTZ 01 1793 3045 51 
684 NENE 1-147-75 HUNT TRUST/J.R. MATZ 01 1849 2675 36 
693 swsw 19-146-76 HUNT TRUST/W.E. BAUER 01 1984 3224 50 
735 swsw 16-146-74 HUNI' TRUST/C.A. PFEIFFER 11 1994 2628 30 
SIOUX OOUNTY 
~ 
'° 631 NESW 29-131-80 OHIO OIL CO./SIOUX TRIBAL 01 1731 2775 47 (X) 
7930 swsw 28-129-84 CHEVRON-SONAT/MORTENSON 01 2328 3318 54 
SLOPE COUNTY 
3588 SESE 21-134-105 SUN OIL/GREER-FED. 01 2895 6117 9 
4280 NESW 18-135-103 AMERADA PET. /I. MITCHELL # 1 2971 6739 58 
4749 SWNW 33-133-101 STATE OIL/SEDEVIE #1 2976 6396 67 
5499 swsw 21-135-101 JERRY CHAMBERS/A. HOMELVIG #1-21 2863 6910 65 
5933 SESW 9-133-102 JERRY CHAMBERS/BURKE 01 2897 6403 65 
6412 NWNE 34-136-101 PATRICK PET. /FEDERAL O l 2751 7120 69 
6855 SENW 4-136-102 GULF OIL EXPL./FED. DOTY /Jl 2659 7247 70 
7016 SESW 23-133-100 LADD PET./SANDERS 023-24 2879 6426 67 
7132 SWSE 22-136-99 TERRA RES./WITMAN 01-22 2686 7145 57 
7 7548 SENE 22-133-106 TERRA RES./WANG 111-22 2828 
t 7890 SENW 23-134-100 GULF OIL EXPL./G.-P.-NARUM 1-23-lC 2955 6687 64 
7987 NWSE 17-135-98 CITIES SERVICE/SCHMITT B #1 2870 6914 72 
:rv> 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WEIJ.. NAME KB TOP THICKNESS 
STARK COUNTY 
3515 NWNW 9-140-93 CONTINENTAL OIL/STOXEN 81 2292 7321 77 
5143 NENW 9-137-97 LONE STAR PROD,/WANNER #1 2688 7412 61 
5255 NESW 22-137-95 CONTINENTAL OIL/FEIMER-ANGER 11 2717 7036 75 
6243 SENW 26-137-92 ENERGETICS/MA.RT,-KILZER 122-26 2357 6365 68 
6307 SE 21-138-99 IMPEL ENERGY/BEAUDOIN 010-21 2696 7705 69 
6447 SWNW 8-139-97 ANADARKO PROD./KOSTELECKY 11 2496 7716 65 ~ \0 
6797 SESW 16-139-92 HUNT TRUST /RUMMEL ST. 81 2494 6885 72 \0 
7007 SESE 26-138-98 SUPRON ENERGY /PRIVRATSKY Ill 2756 7522 71 
7127 NWNE 30-139-96 SHELL OIL/KOSTELECKY 031-30 2521 7598 70 
8098 SENE 9-139-99 MONSANTO/FROELICH 01 2611 8021 72 
8169 NENW 21-138-92 GULF OIL EXPL./LEVIATHAN lll-21-lB 2272 6737 72 
8342 NWNW 36-140-95 SUPRON ENERGY/LAWRENCE Ill 2418 7629 83 
STUTSMAN COUNTY 
.., 602 NWNW 4-143-69 S.D . JOHNSON/J. JOHNSON 01 1947 
I 
0 
644 SESE 5-139-68 C.B. BUTI'ERFIELD/TRAUTMAN 01 1945 
TOWNER COUNTY 
100 SWSE 36-161-68 UNION OIL/A. SAARI #1 1717 774 63 
171 NWNE 18-163-65 RHODES-LANGENFELD/MURPHY Dl 1597 142 78 
194 SWSE 17-157-65 F.H. RHODES/R. GIBBONS lll 1499 456 45 
227 SWSW 31-158-66 NATIONAL BANK ET AL/E.L. HILD 1465 683 45 
434 NWNW 27-163-68 MlmEST EXPL./JUNTUNEN fll 1712 614 80 
3980 SW5E 7-162-68 NATIONAL ASSOC./K. DUNLOP /Jl 1761 735 78 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME TOP THICKNESS 
4979 swsw 24-163-67 J.T. WAMSLEY/WAMSLEY Ql 1542 388 70 
6372 SENE 11-158-66 HAWN BROS.-GRAGG/RADER ET AL #1 1480 530 35 
WARD COUNTY 
588 SWSE 33-152-82 HUNT OIL/F.C. NEUMANN 2087 4886 102 
656 NWSE 13-155-82 HUNT OIL/G. ALMY Ql 1632 4546 89 
4990 NWSW' 22-156-84 ANSCHUTZ ET AL/MUSCH fll 1788 4992 101 N 
4992 NESE 2-156-82 UNION OIL/H. ANDERSON #1-1-2 1618 4364 81 0 0 
5105 NWNW 28-152-86 GENERAL CRUDE OIL/J. JENSEN 11 2120 6240 95 
5158 NENW 13-153-85 UNION OIL/HANSON Ul-C-13 2ll7 5641 100 
7612 SESW 15-155-87 MARATHON OIL/BERG #15-24 2219 6139 105 
WELLS COUNTY 
207 SESE 27-146-73 CONTINENTAL OIL CO./LUE11I #1 1933 2360 25 
609 SWSE 14-148-71 HUNT TRUST/G. LEITNER #1 1612 1782 43 
635 NENE 30-145-68 S.D. JOHNSON/C. HAGEL fl 1785 1367 26 
642 NWNE 32-150-70 HUNT TRUST/0. LARSON 01 1599 1695 48 
689 NENE 31-147-71 HUNT TRUST/A. JOHNSON 11 1702 1920 27 
1211 NENE 8-146-68 CALVERT DRLG. INC./ZWINGER #1 1608 1330 27 
WIU.IAMS COUNTY 
1385 SW 16-156-95 AMERADA PET./N.D."A" #9 2360 7726 102 
1636 SW 17-156-95 AMERADA PET./P. DAVIDSON #1 2401 7653 101 
1745 NW 21-157-95 HUNT OIL/W. ODEGAARD II 2361 7546 99 
2828 NWNW 15-154-98 TEXACO INC./L.J. HOVDE #1 2233 9136 96 
APPENDIX A--Continued 
WELL BIRDBEAR BIRDBEAR 
NO. QTR SEC-T-R OPERATOR/WELL NAME KB TOP THICKNESS 
2887 SWSE 20-159-103 HUNT OIL/I. LEGGE #1 2001 7169 95 
3442 SW 19-159-95 CALVERT-ASHLAND/F .E. MCCOY Ul 2367 7316 97 
4572 SWNW 18-157-103 MIAMI OIL PROD. /N. MILLER #1 2293 7737 89 
4754 NESE 21-154-103 SAM BOREN/ROOKE Ul 2223 8557 87 
5114 SENW 21-158-103 UNIVERSAL RES. CONSL./A. BURNS Ul 2192 7545 95 
5762 SENW 32-156-103 TRUE OIL/AAFEDT #22-32 2433 8227 89 
5968 SWSE 9-154-95 AMERADA HESS/E.H. MENDENHALL 01 2266 7989 100 
6065 SESE 20-155-96 E.M. DAVIS TIGER/MATTSON #1-20 1976 8071 82 
6362 SW 18-155-95 AMERADA HESS/M. IVERSON #23-18 2305 7755 81 
N 
0 
6702 NWSW 30-157-101 UNION TEXAS/M. ANDERSON 111 2383 8175 92 .... 
6745 SESW 10-159-97 HUNT ENERGY /HALVORSON 01 2318 7572 100 
6806 NWNE 8-155-101 TENNECO OIL/BOOKE 01-8 2192 8573 96 
6847 SWNE 10-158-101 HUNT TRUST/TANGEN Ill 2033 7699 93 
6896 NESE 22-157-100 HUNT TRUST/NJOS 01 2075 8305 90 
6915 swsw 26-156-95 KISSINGER PET./OLSON 013-26 2411 8037 109 
7004 NESE 30-155-100 LAMAR HUNT/TREFFRY Ul 1898 8826 99 
7054 NENE 14-156-102 PATRICK PET. /FEDJE Ill 2151 8310 95 
7063 SWNW 22-157-97 HUNT ENERGY/JOHNSON 01 2339 8396 99 
7285 NESE 18-154-100 HARDY SALT/HARDY-LEE Ill 2002 8869 90 
7405 SWNE 8-155-99 AL AQUITAINE EXPL. /R. B. BROWN /11-8 2116 8865 92 
7470 NESE 1-153-99 NORI'HWEST EXPL./IJJNG CREEK #2 2342 9138 102 
7595 SESE 15-158-95 ENERGETICS, INC./HOVE #44-15 2504 7367 104 
7632 SWN\-1 25-153-104 GULF OIL EXPL./NORDELL 01-25-lD 2172 8594 79 
7665 SESE 10-158-96 NORTHWEST EXPL./SONDHAGEN 82 2372 7675 100 
7712 swsw 21-155-98 SHELL OIL/KIRKPATRICK #14-21 2249 9032 111 
7848 NWSE 2-158-100 DEPCO INC./SMITH 033-2 2140 7788 93 
8239 SWNE 17-158-97 LEAR PET. /OASE /Jl 2298 7955 99 
8316 SWSE 18-159-102 DEPCO INC./FISCHER 034-18 2157 7273 98 
WELL 
NO. QTR 
8413 SENW 
8423 SESW 
8571 SWNr.J 
SEC-T-R 
14-156-97 
9-154-102 
9-155-102 
APPENDIX A--Continued 
OPERATOR/WELL NAME 
DEPCO INC./WHITTROCK U22-14 
GOLF OIL EXPL./ALFSON 01-9-4C 
AL AQUITAINE EXPL./JORGENSON 01-9 
KB 
2255 
2155 
2309 
BIRDBEAR 
TOP 
8196 
8664 
8456 
BIRDBEAR 
THICKNESS 
101 
86 
92 
N 
0 
N 
203 
APPENDIX B 
CORE AND THIN SECTION DESCRIPTIONS 
Cores and thin sections are arranged alphabetically by county 
and numerically by North Dakota Geological Survey (NDGS) well numbers 
within counties. Core and thin section depths are recorded from 
core-box labels as filed with the NDGS Wilson M. Laird Core and 
Sample Library. Thin-section descriptions for a given interval are 
indented following the corresponding core interval. Well operator, 
well name, and well location are given in well headings following 
the term "LEGAL". The elevation of Kelly bushing (KB) in feet above 
sea level is included in the heading. 
Description format is as follows: rock name; allochems (most. 
abundant listed first, least abundant last); structures; minerals and 
diagenetic features; pressure response features; and, miscellaneous. 
Standard terminology used in the descriptions are used as proposed 
by the following authors: Dunham (1962), rock name; Maiklen et al. 
(1969), anhydrite morphology and structures; McKee and Weir (1953), 
bedding structures; Folk (1965), minerals and diagenetic features; 
and Wanless (1979), pressure response features. 
Abbreviations used as modifiers and in descriptions are as 
follows: larg--large, crs--coarse, fn--fine, eu--euhedral, 
sc--scattered, nss--non-seam solution, nsss--non-sutured, seam 
solution, sss--sutured, seam solution. 
204 
BILLINGS COUNTY 
NDGS l/291 
LEGAL: Amerada Petroleum/May #1 NWNE 9-139-100 KB: 2774 
Core depth Core description 
10,676-
10,684 
10,684-
10,700 
Thin section depth Thin section description 
Crystalline carbonate; structureless to mottled; anhydrite 
nodule, dolomite; nsss; very dark brown, small irregular 
fractures. 
10,676 Crystalline carbonate; eu and crs dolomite, 
lath anhydrite. 
10,678 As above; quartz silt. 
10,680 As above; felted anhydrit·e 
10,682 As above; saddle dolomite, no anhydrite. 
Crystalline carbonate, wackestone; brachiopod, gastropod; 
nodular; dolomite; nsss, sss. 
10,685 Crystalline carbonate, wackestone; brachiopod, 
pelmatozoan, gastropod; mottled; fneu dolomite, 
equant anhydrite; nsss, sss. 
10,688.8 Wackestone; brachiopod, pelmatazoan, micro-
algal ''bal;ls", peloid; nodular; eu dolomite; 
lath and equant anhydrite; nsss. 
10,689 As above. 
10,693 Wackestone, locally grainstone; peloid, 
brachiopod, Syringopora, micro-algal '~ba Us"; 
nodular; mosaic calcite, eu dolomite; nsss. 
10,694 As above; sss. 
10,696 As above; baroque dolomite. 
10,699.9 As above; ostracode; saddle dolomite; 
fractures. 
205 
NDGS #859 
LEGAL: Texas Co./Pace #1 SWNE 31-144-100 KB: 2463 
(Core is in fragmented pieces and footage may be inaccurate.) 
Core depth Core description 
10,920-
10,932 
10, 932-
10, 960 
Thin section depth Thin section description 
Crystalline carbonate; stromatoporoid; faintly laminated to 
nodular; dolomite; nsss. 
10,920-21 Crystalline carbonate; brachiopod; fneu 
dolomite. 
10,921-22 Crystalline carbonate; stromatoporoid, 
Syringopora (?); fneu dolomite; nsss. 
10,925-26 Wackestone, locally grainstone; brachiopod, 
pelmatozoan, peloid, gastropod, comminuted 
allochems; fneu dolomite. 
10,928-29 Crystalline carbonate; stromatoporoid; baroque 
dolomite, equant anhydrite; nsss. 
10,929-930 Crystalline carbonate. 
Wackestone, crystalline carbonate, locally packstone; 
mottled to structureless; dolomite; nsss. 
10,933-34 Packstone to wackestone; comminuted brachiopod, 
peloid, micro-algal "balls", pelmatozoan; 
fneu dolomite, saddle dolomite; nsss. 
10, 940-41 Crystalline carbonate; Syringopora, 
stromatoporoid (?). 
10,946-47 Wackestone, abraded brachiopod, gastropod, 
pelmatozoan; mottled; fneu dolomite; nsss. 
10,948-49 Wackestone, locally mudstone; gastropod, 
pelmatozoan; mottled; fneu dolomite, nsss. 
10,950-51 As above. 
10,954-55 As above. 
10,932-
10, 960 
(con 't.) 
206 
10,955-56 Packstone ; brachiopod, peloid, gastropod, 
rugose coral; faintly laminated; fneu 
dolomite, equant anhydrite, saddle dolomite. 
10,957-58 Wackestone; brachiopod, fine ostracode, 
calcisphere, micro-algal "balls", 
structureless; fneu dolomite, equant 
anhydrite, pyrite; nsss. 
207 
BOTTINEAU COUNTY 
NDGS #38 
LEGAL: California Co./Thompson #1 SWSE 31-160-81 KB: 1526 
(To correct for log footage, subtract 8 feet from core and thin 
section footage.) 
Core depth Core description 
5500-
5501 
5501-
5513 
5513-
5531 
Thin section depth Thin section description 
Anhydrite; chicken-wire . 
5500.4 Anhydrite, felted. 
Crystalline carbonate; fenestral, cryptalgal; crs eu 
dolomite; nsss; golden brown. 
5502 
5502.8 
5504 
5505.3 
5506 
5509.5 
Crystalline carbonate; distorted, cryptalgal; 
crs eu dolomite, lath anhydrite . 
As above; peloid (?) 
Crystalline carbonate; faintly laminated, 
fenestral; crs eu dolomite, lath anhydrite. 
As above. 
Crystalline carbonate; crseu dolomite; nsss. 
Crystalline carbonate; faintly fenestral; 
crseu dolomite, lath anhydrite. 
Crystalline carbonate; local Syringopora; crs dolomite, 
lath, equant anhydrite; anhydrite nodule . 
5514.S 
5519.8 
5520 
Crystalline carbonate; gastropod; fn-crs 
dolomite, lath, equant anhydrite. 
Crystalline carbonate; faintly laminated; crs 
dolomite, lath, equant anhydrite, 
As above; faintly fenestral. 
5513-
5531 
(con't.) 
5531-
5558 
5558-
5565 
5521.8 
5528.6 
5530 
208 
Crystalline carbonate; Syringopora; faintly 
laminated; crs dolomite, lath anhydrite. 
Crystalline carbonate; breccia (?) or 
rounded intraclasts (?); fn, crs dolomite, 
equant anhydrite. 
Crystalline carbonate; nsss. 
Crystalline carbonate; pelmatozoan, gastropod, 
brachiopod; crn-fn dolomite, anhydrite; nsss; golden 
brown. 
5533. 5 
5535 
5539 
5541 
5544.5 
5546 
5547.6 
5553.6 
5555.8 
5556.5 
Crystalline carbonate; Amphipora (?); crs, 
sceu dolomite. 
Crystalline carbonate; era, fn dolomite, 
equant anhydrite; nsss. 
As above. 
Crystalline carbonate; faintly laminated; 
fneu dolomite, lath anhydrite. 
Crystalline carbonate; pelmatozoan; crs 
dolomite, equant anhydrite. 
As above. 
As above. 
As above. 
As above. 
As above; no pelmatozoan. 
Crystalline carbonate; locally breccia, faintly laminated, 
crs dolomite, anhydrite, pyrite; argillaceous, olive 
green anhydrite. 
5558 
5561. 7 
5562.3 
5562.8 
Crystalline carbonate; mottled; fn-crs 
dolomite, equant, lath anhydrite. 
Crystalline carbonate; calcite, crs-fn 
dolomite, equant anhydrite, pyrite. 
Crystalline carbonate; breccia (?); pervasive 
equant anhydrite, crs dolomite, pyrite clumps. 
Crystalline carbonate; breccia, faintly laminated; 
felted anhydrite, pyrite, crs dolomite. 
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NDGS #110 
LEGAL: Lion Oil/Huss #1 
Core depth 
NWNW 23-163-75 
Core description 
KB: 2205 
4078-
4094 
4094-
4103 
4103-
4106.5 
Thin section depth Thin section description 
Anhydrite, crystalline carbonate; cryptalgal, bedded 
massive, bedded mosaic contorted bedded; anhydrite; nsss. 
4078 
4079 
4080 
4081 
4087 
4089 
4091 
4093 
Crystalline carbonate, anhydrite; algal 
clots(?); cryptalgal; ubiquitous equant 
anhydrite. 
As above, sceu dolomite in laminated zones. 
As above. 
As above; felted anhydrite. 
As above. 
As above. 
As above. 
As above . 
Crystalline carbonate; faintly laminated, cryptalgal (?); 
anhydrite, dolomite; irregular nsss, chalky dark golden 
brown, tan, gastropod cast at 4102.7. 
4094 Crystalline carbonate; sceu dolomite; nsss; 
anhydrite filled fracture. 
4100 As above. 
4101 As above; faintly laminated. 
4102.5 As above; lath anhydrite. 
Crystalline carbonate, wackestone; Syringopora, 
brachiopod, stromatoporoid, gastropod; faintly nodular; 
dolomite; nsss. 
4103 Crystalline carbonate; brachiopod, Syringopora, 
gastropod, stromatoporoid (?); structureless; 
fn dolomite, mosaic calcite; faint nsss. 
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4103- 4103.5 As above; stromatoporoid; equant anhydrite. 
4106.5 
(con 't.) 4104 . 5 As above. 
4105 As above; calcisphere. 
NDGS f/286 
LEGAL: Lion Oil/Erickson fll NWNE 32-164-78 KB: 1539 
Core depth Core description 
4014-
4018 
4017.5-
4018 
4018-
4023 
4023-
4050 
Thin section depth Thin section description 
Wackestone to packstone; peloid, intraclast, abraded rugose 
coral; massive to laminated; dolomite, anhydrite; 
anhydrite is selective to intraclast and voids(?). 
Anhydrite; structureless; argillaceous. 
4017.5 Anhydrite; argillaceous. 
No data 
Anhydrite, locally grainstone, mudstone; peloid, 
calcisphere, intraclast, quartz silt; bedded to laminated 
and cryptalgal carbonate intercalated with mosaic and 
nodular anhydrite; locally distorted and streaky 
laminated; anhydrite, calcite; argillaceous. 
4023,7 
4024 
4034 
4035.4 
4035.8 
4039 
Grainstone; peloid; laminated, graded; 
equant anhydrite; nsss. 
As above; isopachous calcite. 
Grainstone (boundstone ?); peloid; laminated, 
cryptalgal (?), faintly fenestral; equant 
anhydrite; chalky tan. 
As above; calcisphere. 
As above . 
Mudstone; quartz silt; laminated to cross-
laminated, disrupted; olive green, 
argillaceous . 
4023-
4050 
(con't.) 
4050-
4061 
4061-
4084 
4041 
4045 
4046.8 
4047 
4049-8 
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Anhydrite; distorted; felted anhydrite. 
As above, quartz silt . 
As above; laminated, off-set (micro-fault); 
pyrite. 
As above; no off- set. 
Mudstone; distorted, cryptalgal (?); felted 
anhydrite; incipient mosaic anhydrite . 
Packstone to grainstone, locally wackestone, crystalline 
carbonate; peloid, calcisphere, ostracode, gastropod, 
Amphipora; laminated to angular laminatetl; isopachous 
calcite, crs dolomite, equant anhydrite; light golden tan. 
4051 
4051 
4053 
4054 
4056 
4059.5 
Pack.stone, peloid, ostracode; mottled, 
cryptalgal; crseu dolomite, isopachous calcite , 
equant anhydrite; nsss . 
As above; Amphipora. 
As above; gastropod, no Amphipora; pseudospar. 
As above; Amphipora. 
Crystalline carbonate; crs dolomite 
Crystalline carbonate, wackestone; brachiopod, 
ostracode, peloid, Arnphipora (?), brachiopod, 
calcisphere; structureless; crseu dolomite, 
equant anhydrite . 
Packstone; stromatoporoid, brachiopod, Amphipora, algal 
"balls", ostracode, Syringopora, Thamnopora; mottled to 
nodular; sceu and crs dolomite; calcite, anhydrite; nsss; 
light golden tan. 
4067 
4068 
4069 
Boundstone; laminar stromatoporoid, brachiopod, 
Syringopora, Thamnopora; sceu and crs 
dolomite, equant anhydrite. 
Packstone, crystalline carbonate; Amphipora, 
stromatoporoid, rugose coral; structureless; 
crs dolomite, equant anhydrite; light golden 
tan . 
Packstone, stromatoporoid, Amphipora, abraded 
brachiopod, ostracode; laminar; crs dolomite, 
equant anhydrite; nsss. 
4061-
4084 
(con't.) 
4082-
4113 
4113-
4115 
4070 
4075 
4081 
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As above; Umbellina (?). 
Packstone; spherical encrusting 
stromatoporoid, Syringopora; oncolitic-like; 
crs dolomite, equant anhydrite, nsss , sss. 
Packstone; spherical encrusting 
st romatoporoid, gastropod, algal "balls.'.'., 
brachiopod, Amphipora, Syringopora, fine 
ostracode; structureless; crs dolomite, equant 
anhydrite; nsss. 
Wackestone to packstone, locally mudstone; brachiopod, 
pelmatozoan, gastropod, peloid , fine ostracode ; nodular 
to mottled; calcite, dolomite, anhydrite; nsss; light 
golden tan. 
4085 
4090 
4095 
4098 
4099.5 
Wackestone to packstone; peloid, brachiopod, 
pelmatQzoan, micro-algal biscuit; nodular; 
crs dolomite, equant anhydrite; nsss. 
Wackestone to packstone; brachiopod, gastropod , 
peloid, pelmatozoan, algal- coated Syringopora; 
nodular; crs dolomite. 
Wackestone; brachiopod, pelmatozoan, gastropod, 
fine ostracode , peloid; nodular; crs dolomite, 
equant anhydrite; nsss. 
Wackestone to packstone; pelmatozoan , 
brachiopod, gastropod, fine ostracode; nodular; 
crs dolomite, equant anhydrite; nsss . 
Mudstone to wackestone; abraded brachiopod, 
gastropod, pelmatozoan, cotmninuted ostracode; 
nodular; crs dolomite; nsss. 
Wackestone to packstone; peloid, comminuted ostracode; 
brecciated; anhydrite; reddish outlined fragments. 
4115 Packstone; peloid, comminuted ostracode; 
breccia (?); equant and felted anhydrite. 
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BURKE COUNTY 
NDGS 1/4599 
LEGAL: Anschutz Corp./Ormiston #1 SWSE 25-162-90 KB: 1957 
(To correct for log footage, add 5 feet to core and thin section 
footage.) 
Core depth Core description 
Thin section depth Thin section description 
7465-
7484 
7484-
7499 . 5 
Crystalline carbonate, boundstone, packstone; peloid, 
intraclast, calcisphere; cryptalgal, laminated, cross 
laminated; dolomite, anhydrite; nss; barrel-shaped anhydrite 
crystals, light golden brown where altered, medium to dark 
blue gray where unaltered. 
7465 
7468 
7471 
7471. 8 
7479 
7483.4 
Crystalline carbonate; cryptalgal; faint 
anhydrite; nsss. 
Boundstone; intraclast; cryptalgal, laminated; 
felted anhydrite nodules, lath and equant 
anhydrite; golden brown. 
Boundstone; cryptalgal; pseudomorph anhydrite 
(barrel shaped); anhydrite. 
As above, fine peloid; sss. 
Packstone, locally grainstone; algal clots, 
calcisphere (?); laminated; mosaic calcite, 
anhydrite; nsss. 
Crystalline carbonate; algal clots(?), 
calcisphere, ostracode; mosaic calcite; nsss . 
Packstone, grainstone; Amphipora, Stachyodes, peloid, 
intraclast; laminated, nodular; dolomite, anhydrite; 
nsss, sss. 
7485 Packstone, locally grainstone; peloid, 
calcisphere, algal clots(?), fine intra-
clasts (?), quartz silt; laminated; eu 
dolomite, mosaic calcite; nsss; contact between 
two rock types. 
7484-
7499 . 5 
(con' t.) 
7499.5-
7506 
7506-
7515 
7485.5 
7490 
7491 
7492 
7493.5 
7498 . 5 
7499.1 
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As above; Amphipora, Syringopora; 
faintly laminated. 
Packstone; Amphipora; stromatoporoid, 
Syringopora, peloid, algae clot(?); nodular, 
mosaic calcite, eu dolomite, equant and lath 
anhydrite; abundant nsss . 
Packstone; Amphipora, algal clots, peloid, 
calcisphere; laminated; mosaic calcite, felted 
and equant anhydrite; nsss. 
As above. 
Packstone; Amphipora, algal stick, foraminifera, 
ostracode; faintly laminated, mosaic calcite, 
equant anhydrite, baroque dolomite. 
Packstone to grainstone; Amphipora, 
Syringopora, algal clots; faintly laminated; 
mosaic calcite, pseudospar; nsss. 
As above; opalline silica concretion. 
Packstone; brachiopod, Syringopora, rugose coral, 
Thamnopora; nodular; nsss , sss. 
7499 . 5 
7501. 7 
7 sos. 9 
Packstone; brachiopod, Syringopora, algal 
clots(?); nodular; mosaic calcite, faint eu 
dolomite, quartz rosettes; nsss. 
Packstone to wackestone; as above, no 
rossettes. 
Packstone; rugose coral encrusted by 
stromatoporoid, calcisphere; structureless; 
corals are usually fractured. 
Packstone to wackestone; laminar stromatoporoid, 
Stachyodes, rugose coral, encrusting stromatoporoid; 
mottled; nsss. 
7506 
7510 
Packstone; brachiopod, Syringopora, 
pelmatozoan, gastropod, fine ostracode; 
structureless; mosaic calcite, baroque 
dolomite. 
Packstone to wackestone; ostracode, peloid, 
abraded brachiopod, gastropod, Syringopora, 
calcisphere; structureless; opaline silica, 
mosaic calcite. 
7506-
7515 
(can't.) 
7511 
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Wackestone to packstone; abraded brachiopod, 
peloid, Syringopora, fine ostracode; 
structureless; eu dolomite, mosaic calcite, 
baroque dolomite, silica. 
7514 Wackestone; brachiopod, pelmatozoan, fine 
ostracode; nodular; sc dolomite, silica; 
nsss. 
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CAVALIER COUNTY 
NDGS 1127 
LEGAL: Union Oil/Skjervheim #1 NWNW 28-159-63 KB: 1562 
Core depth 
1589-
1600 
1600-
1611 
1611-
1634 
1634-
1661 
Core description 
Thin section depth Thin section description 
Grainstone; pelmatozoan, brachiopod; structureless; 
calcite overgrowth; light pink, (Mississippian). 
Crystalline carbonate; brachiopod, gastropod, 
pelmatozoan; structureless to mottled; dolomite; cream 
to buff. 
1607 
1608.2 
1609 
1610 
No data. 
Crystalline carbonate; brachiopod pelmatozoan; 
crs dolomite; light pinkish tan. 
As above. 
As above; equant calcite crystals selective to 
void zones. 
Crystalline carbonate to wackestone; brachiopod, 
pelmatozoan; crs dolomite; light tan. 
Crystalline carbonate; local brachiopod, pelmatozoan; 
mottled to vuggy; calcite, dolomite. 
1634 
1635.5 
1638 
1638.5 
Crystalline carbonate; brachiopod, pelmatozoan; 
vuggy; crs dolomite, equant calcite crystals 
selective to void zones. 
As above. 
As above. 
As above. 
1639 As above; radial calcite arrays occur 
sporadically. 
1641 Crystalline carbonate; faintly laminated; calcite, 
dolomite; nsss; light pink to red. 
1634-
1661 
(con ' t.) 
1655 
217 
Crystalline carbonate; crs dolomite; 
(Duperow). 
1656 As above; crs calcite crystals in select 
zones. 
1659.5 As above. 
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DIVIDE COUNTY 
NDGS #2010 
LEGAL: Carter Oil/Moore #1 
Core depth 
NWNE 7-163-102 
Core description 
KB: 2206 
8024-
8032 
8032-
8049 
Thin section depth Thin section description 
Crystalline carbonate; dark golden brown, abundant 
relict nodules. 
8024.3 
8025 
8028 . 9 
8030 
8031 
8031.9 
Crystalline carbonate; faintly laminated; 
fneu dolomited . 
As above. 
Crystalline carbonate; peloid, gastropod; 
faintly laminated; mosaic calcite, fneu 
dolomite. 
Crystalline carbonate, packstone (?); algal 
clots(?), peloid, calcisphere; faintly 
laminated; fneu dolomite; nsss. 
As above; felted anhydrite. 
Crystalline carbonate; gastropod, fine 
brachiopod and ostracode, calcisphere; 
equant and felted anhydrite; nsss . 
Crystalline carbonate; dark golden brown, light green tan , 
mottled to nodular. 
8032 
8036.5 
8037 
8040 . 5 
Crystalline carbonate ; algal clots(?), peloid, 
fine brachiopod and ostracode, gastropod, 
pelmato.zoan; fneu dolomite , mosaic calcite, 
lath anhydrite. 
Crystalline carbonate; stromatoporoid, fine 
brachiopod; fneu dolomite; nsss . 
As above; mosaic calcite. 
As above; encrusting stromatoporoid. 
8032-
8049 
(Con't.) 
8041.5 
8047 
8048.4 
8048.9 
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Crystalline carbonate; Stachyodes, 
Syringopora, abraded Thamnopora; structureless; 
fneu dolomite, equant anhydrite. 
As above; brachiopod. 
As above; faintly laminated. 
Crystalline carbonate; laminar stromatoporoid, 
Syringopora, brachiopod; faintly laminated; 
fneu dolomite, equant anhydrite; nsss. 
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DUNN COUNTY 
NDGS f/505 
LEGAL: Socony Vacuum/Dvorak F-42-6-8 SENE 6-141-94 Kl3: 2296 
Core depth Core description 
Thin section depth Thin section description 
10,302-
10,315 
10,315-
10,331 
Boundstone to mudstone; quartz silt; cryptalgal, faintly 
laminated, distorted; fneu dolomite, felted and lath 
anhydrite, disseminated pyrite, silica. 
10,303.8 
10,304.8 
10,314 
Boundstone; cryptalgal; fneu dolomite, equant 
and felted anhydrite. 
As abovP.; silica. 
Boundstone; quartz silt; cryptalgal to 
laminated, breccia; fneu dolomite, lath 
anhydrite, baroque dolomite, disseminated 
pyrite. 
Wackestone, locally packstone and boundstone, peloid, 
quartz silt, intraclast, ostracode, calcisphere, 
gastropod, pelmatozoan; laminated, cryptalgal; fneu 
dolomite, felted anhydrite, microspar;nsss. 
10,316 
10,316.5 
10,321 
10,322 
Wackestone to packstone; peloid, intraclast, 
quartz silt, ostracode, calcisphere; 
structureless but contains laminated intra-
clasts; calcite, fneu dolomite, equant and 
felted anhydrite, corroded dolomite rhombs; 
nsss. 
Boundstone; quartz silt; cryptalgal; fneu 
dolomite, some corroded eu dolomite, calcite; 
nsss. 
Wackestone; peloid, calcisphere, Umbellina (?), 
ostracode, quartz silt; faintly laminated; 
fneu dolomite, lath anhydrite, corroded eu 
dolomite, sceu dolomite, calcite; nsss. 
Boundstone; quartz silt; cryptalgal to laminated; 
fneu dolomite, corroded eu dolomite, calcite, 
lath anhydrite. 
10,315-
10,331 
(con't.) 
10,331-
10,347 
10,347-
10,375 
10,375-
10,377.6 
10,325 
10,325.4 
10,330 
No data. 
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Packstone to wackestone; pelmatozoan, 
gastropod, abraded ostracode, calcisphere, 
quartz silt, foraminifer (?); structureless, 
faintly laminated; fneu dolomite, equant 
calcite; nsss. 
Wackestone; counninuted ostracode, calcisphere, 
quartz silt; structureless to faintly laminated; 
calcite, fneu dolomite, equant anhydrite. 
Wackestone; whole gastropod, peloid, ostracode, 
quartz silt; mottled; micrite rims, equant 
calcite, sceu and baroque dolomite, equant 
anhydrite; peloids infill gastropods. 
Wackestone to packstone, locally mudstone; ostracode, 
brachiopod, pelmatozoan, micro-algal "balls"; nodular; 
dogtooth and mosaic calcite, sceu and baroque dolomite, 
equant anhydrite; nsss. 
10,355 
10,362 
10,370 
10,374.5 
Mudstone; ostracode, pelmato.zoan; nodular; 
mosaic calcite, sceu dolomite; nsss. 
Wackestone to packstone; ostracode, brachiopod, 
micro-algal "balls", pelmatozoan, rare 
bryozoan; mottled to nodular; dogtooth and 
mosaic calcite, sceu dolomite, corroded eu 
dolomite, pyrite selective to brachiopod; nss, 
nsss; brachiopod often bored. 
Packstone to wackestone; peloid, cotmninuted 
ostracode, brachiopod, pelmatozoan; nodular; 
mosaic calcite, sceu and baroque dolomite; 
nsss. 
As above. 
Wackestone; abraded brachiopod, ostracode, calcisphere 
(Umbellina ?) , algal "balls", intraclast, pelmatozoan; 
mottled, thinly bedded; microspar, mosaic calci·te, fneu 
and baroque dolomite, equant anhydrite; nsss. 
10,377 Wackestone; ostracode, calcisphere (Umbellina ?), 
peloid ?; mottled; fn, sceu and baroque dolomite, 
dogtooth and mosaic calcite, equant anhydrite; 
nsss; steel gray with light brown mottling. 
10,375-
10,377.6 
(con' t.) 
10,377 .6-
10,378.5 
10,378.5-
10,380 
10,380-
10,402 
(footage 
unclear) 
NDGS 11793 
10,368-
10,378 
(footage 
unclear) 
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Wackestone; "stick" algae?; thinly bedded; 
mosaic calcite, fn, sceu dolomite, equant 
anhydrite; nsss; distinctly thinly bedded. 
Wackestone, locally mudstone; rounded intraclast, peloid; 
disturbed, laminated; quartz silt, argillaceous, fneu 
dolomite; pyrite; contains rounded argillaceous olive 
green intraclasts. 
10,378 Mudstone; rounded quartz silt; laminated; fn 
dolomite, silica. 
Anhydrite; intraclast; streaky laminated distorted; 
anhydrite, quartz silt; mostly reddish pink to cream to 
olive green. 
Crystalline carbonate, boundstone (?), anhydrite; quartz 
silt; cryptalgal; fn dolomite, lath anhydrite, silica; 
mostly medium gray to olive, purple red, halos of gray 
(unoxidized?) within purple red area. 
10,383 
10,371-
10,402 
(footage 
unclear) 
10, 391-
10,402 
(footage 
unclear) 
Boundstone; quartz silt; cryptalgal, 
laminated; fn dolomite, lath anhydrite. 
Crystalline carbonate; quartz silt; laminated, 
crusts(?); silica, fneu dolomite, chart. 
Boundstone; intraclast; cryptalgal, fracture; 
equant anhydrite, fn dolomite; corroded quartz 
grains, birdseye (?) voids now occupied by 
anhydrite. 
LEGAL: Mobil Producing/Birdbear #1 SENW 22-149-91 KB: 2092 
(To correct for log footage, subtract 14 feet from core and thin 
section footage.) 
Core depth Core description 
10,316-
10,327.5 
Thin section depth Thin section description 
Mudstone, locally boundstone; peloid, calcisphere, intra-
clast; laminated, cryptalgal; dolomite, anhydrite; light 
tan where dolomite, very dark brown where anhydritic. 
10,316-
10,327.5 
(con't.) 
10,327.5-
10,329 
10,329-
10,350 
10,317 
10,323 
10,323.5 
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Boundstone; quartz silt; cryptalgal; fneu 
dolomite, felted anhydrite, silica, calcite, 
pyrite, halite molds(?); quartz silt rounded. 
Boundstone; peloid, calcisphere; cryptalgal. 
incipient birdseye; fneu dolomite, felted 
anhydrite, nsss. 
As above; intraclast; bedded. 
Mudstone, locally packstone; peloid, ostracode, intraclast; 
laminated, cryptalgal (?); argillaceous; nss; very dark 
brown . 
10,327.9 B.oundstone (?) to packstone; peloid; 
cryptalgal (?), laminated; mosaic calcite, 
felted and lath anhydrite, disseminated pyrite. 
Mudstone, locally boundstone and packstone; rarely green 
shale, quartz silt, uncommon peloids and intraclasts; 
irregular to wavy thinly bedded to laminated, rarely 
contorted; dolomite, streaky laminated anhydrite . 
10,329 
10,330.8 
10,331.2 
10,337.9 
10,338.5 
10,339 
10,339.7 
10,339.8 
Boundstone, partly packstone; peloid, intraclast; 
cryptalgal, laminated; mosaic calcite, 
disseminated pyrite, sss. 
Mudstone; quartz silt; cryptalgal, laminated to 
structureless; fne dolomite, disseminated 
pyrite, nsss. 
As above; corroded dolomite rhombs. 
As above; dominated by fn dolomite, anhydrite 
occurs as fine nodules. 
As above, locally packstone; silica; isopachous 
calcite rims on some allochems. 
Mudstone; quartz silt to clay; laminated to 
mottled; scfneu dolomite, anhydrite; nsss. 
Mudstone; intraclasts, coated quartz silt 
grains; thinly bedded; scfneu dolomite, 
anhydrite; nsss . 
Mudstone, locally boundstone (?); quartz silt; 
cryptalgal (?), birdseye (?); scfneu dolomite, 
felted anhydrite disseminated pyrite. 
10,329-
10,350 
(con' t.) 
10,350-
10,358 
10,358-
10,374.5 
10,345.5 
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Mudstone; peloid, abundant quartz silt; 
laminated, distorted; fneu dolomite, 
felted anhydrite, disseminated pyrite; 
felted anhydrite (incipient mosaic anhydrite). 
Wackestone, locally mudstone and packstone; peloid, 
ostracode, intraclast, unconmon calcisphere; cross-bedded 
and cross-laminated, laminated; calcite, dolomite, 
anhydrite in micro-fractures, rare pyrite nodule, nsss. 
10,351.5 Wackestone to packs tone; ostracode, quartz 
silt; laminated; dogtooth and mosaic calcite, 
fneu dolomite, lath anhydrite filled micro-
fractures; nsss. 
10,352 As above; well laminated. 
10,353.4 As above; baroque dolomite. 
10,354 Packstone; comminuted ostracode, quartz silt, 
peloid, intraclast; laminated, draped laminae 
over imbricated clast; calcite cement, fneu 
dolomite, anhydrite, baroque dolomite selective 
to intra-ostracode voids; nsss. 
10,354.5 As above. 
10,356 Packstone; peloid, algal(?) clots, ostracode, 
foraminifer (?), quartz silt; mottled; fneu 
dolomite, felted anhydrite; nsss. 
10,356.5 Wackestone to packstone; peloid, algal(?), 
ostracode, quartz silt, intraclast (?), rare 
calcisphere, as above. 
Wackestone to very local boundstone, uncommon packstone; 
abraded ostracode, peloid, encrusting algae (oncolitic), 
broken Stachyodes, Syringopora, Amphipora stromatoporoid, 
quartz silt, hrachiopod, pelmatozoan, rare gastropod 
laminated to bedded; dolomite, pseudospar, calcite over-
growth, anhydrite; nsss, sss, nss. 
10,358 
10,363 
Wackestone to packstone; peloid, algal(?) 
clots, ostracode, gastropod, calcisphere; 
mottled; equant calcite, equant and felted 
anhydrite, baroque dolomite; nsss, sss, nss. 
Wackestone; stromatoporoid, Stachyodes, 
Amphipora, Syringopora, comminuted brachiopod, 
pelmatozoan; mottled; dogtooth and mosaic 
calcite; lath anhydrite, fneu and baroque 
dolomite; nsss. 
10,358-
10,374.S 
(con't . ) 
10,374.8-
10,393 
10,367 
10,370 
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As above; algal coats, rugose coral. 
As above; (no rugosl' coral), allocht'mH al>radl'tl. 
10,372.5 Wackestone to very local boundstone; tabular 
stromatoporoid , algae, abraded brachiopod, 
ostracode, pelmatozoan, calcisphere; wavy 
laminated; sceu dolomite, pseudospar, equant 
anhydrite, disseminated pyrite; nsss, finely 
fractured. 
10,373.5 Wackestone; tabular stromatoporoid, abraded 
brachiopod, Syringopora; mottled ; pseudospar, 
sceu dolomite , anhydrite; nsss, sss . 
10 , 374.5 Wackestone; stromatoporoid, abundant algal 
coats; brachiopod, pelmatozoan, whole 
gastropod; mottled , one thin mudstone bed; 
pseudospar, calcite overgrowths, sceu dolomite, 
anhydrite. 
Wackestone, locally packstone and mudstone; brachiopod, 
fine ostracode, pelmatozoan, faint, peloid, micro-algal 
"balls", whole gastropod, Syringopora, bryozoan; mottled, 
fine burrows; sceu dolomite, anhydrite, pseudospar, 
baroque dolomite, silica, pyrite; nsss, sss. 
10,374 . 8 Wackestone to packstone ; peloid, brachiopod, 
pelmatozoan, ostracode; very fine burrows ; 
sceu dolomite, lath anhydrite, pyrite; 
selective to fine burrows(?); nss, nsss, sss. 
10,376.5 As above ; baroque dolomite 
10,377 Packstone; peloid, brachiopod, gastropod, 
pelmatozoan, fine ostracode, calcisphere ; 
mottled, fine burrows; equant calcite, fneu 
dolomite, micritization features; nss. 
10,377.2 Wackestone; as above. 
10,379.5 Wackestone; brachiopod, pelmatozoan, micro-
algal "balls"; mottled; microspar, pseudospar 
lath anhydrite, scfn dolomite; nss, sss . 
10,381 As above. 
10,384 As above; saddle dolomite 
10,386 Mudstone; whole gastropod; structureless; 
microspar, pseudospar; sceu dolomite, l at h 
anhydrite; nss . 
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10,374.8- 10,388 
10,393 
Wackestone to packstone; gastropod, bryozoan; 
mottled; mosaic calcite, microspar, pseudospar, 
sceu dolomite, lath anhydrite; nss, nsss. (con' t.) 
10,393-
10,406 
10,406-
10,411 
10,389 
10,391 
Mudstone to wackestone; brachiopod, 
pelmatozoan, Syringopora, ostracode; structure-
less; microspar, pseudospar, sceu dolomite, 
lath anhydrite; nss, nsss, sss. 
As above; baroque dolomite. 
Wackestone, locally packstone; fine ostracode, brachiopod, 
pelmatozoan, peloid, micro-algal "balls", gastropod; 
mottled, laminated; mosaic calcite, sceu dolomite, equant 
anhydrite, silica; nsss, sss. 
10,395 
10,396 
10,399.5 
10,403.1 
10,403.2 
10,405 
Wackestone; brachiopod, pelmatozoan, fine 
ostracode, micro-algal "balls", gastropod; 
mottled; pseudospar, sceu dolomite, silica, 
pyrite selective to brachiopod; nsss. 
Wackestone; ostracode, pelmatozoan, brachiopod; 
structureless; pseudospar, sceu dolomite, 
equant anhydrite; nsss. 
Wackestone to pack.stone; as above, gastropod. 
Wackestone to packstone; ostracode, gastropod, 
pelmatozoan, micro-algal "balls", structureless, 
mottled; sceu dolomite, mosaic calcite, equant 
anhydrite; nsss. 
As above; rare pyrite, mostly selective to 
bra chiopod. 
Wackestone to packstone; peloid, brachiopod, 
pelmatozoan, intraclast, calcisphere; 
structureless, mottled; pseudospar, eu dolomite, 
equant anhydrite, silica, pyrite; nsss. 
Wackestone to packstone; peloid, gastropod, intraclast, 
micro-algal "balls", pelmatozoan, Syringopora, abraded 
brachiopod; mottled; fneu dolomite, equant anhydrite, 
baroque dolomite, silica; nsss, sss, light steel gray 
with light gray mottling to dark brown. 
10,409 
10,409.5 
Wackestone to packstone; peloid, abraded 
Syringopora, gastropod, pelmatozoan, intra-
clast; structureless to mottled; equant and 
lath anhydrite, fneu and baroque dolomite; nsss. 
As above . 
10,406-
10,411 
(con't.) 
10,411-
10,414.5 
10,414.5-
10,416 
227 
10,410.8 As above. 
Packstone to wackestone, locally grainstone and mud-
stone; peloid, gastropod, intraclast calcisphere, 
II pelmatozoan, brachiopod, oolite; laminated; dogtooth 
and mosaic calcite, fneu dolomite, lath and equant 
anhydrite, baroque dolomite; sss, nsss. 
10,411.5 Packstone to wackestone; peloid, gastropod, 
calcj_sphere; fneu and baroque dolomite, 
micrite envelope; nsss. 
10,412 Grainstone, locally packstone; peloid, 
gastropod, intraclast, ooid; laminated; 
dogtooth and equant calcite, fneu dolomite, 
lath anh,urite; sss. 
10,413.5 As above. 
10,414 Mudstone; intraclast, quartz silt; lamineted 
to mottled; fneu dolomite, anhydrite; nsss. 
Shale (fissle) to wackestone; calcisphere, peloid, quartz 
silt; laminated to distorted; fneu dolomite, lath 
anhydrite, abundant pyrite, chalcedony(?); nsss; dark 
olive green argillaceous zone initially intercalated 
with carbonate. 
10,414.5 Wackestone; calcisphere, peloid; mottled; 
microspar, fneu dolomite, lath anhydrite; 
nsss. 
10,416 Shale; quartz silt to clay; laminated, 
distorted; silica, pyrite; incipient 
chalcedony(?). 
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HETTINGER COUNTY 
NDGS #511 
LEGAL: Socony Vacuum/Jacobs #1 SWSW 24-134-96 KB: 2616 
(Footage may be inaccurate, loose unlabelled core.) 
Core depth Core description 
8932-
8953 
8953-
8976 
Thin section depth Thin section description 
Anhydrite to mudstone; quartz silt; mostly distorted bedded, 
angular nodular; interbedded deep red, dark olive green 
mudstones, (Three Forks Formation). 
8932-38 
8943 
8949 
8952 
Mudstone; quartz silt, argillaceous, deep red. 
Mudstone; quartz, feldspar silt, argillaceous; 
distorted, laminated; olive green. 
Anhydrite; quartz silt, intraclast, 
argillaceous; dolomite, felted anhydrite, 
pyrite; nsss. 
Mudstone; quartz silt; cryptalgal (?); felted 
anhydrite, pyrite, silica. 
Packstone, boundstone; peloid; cryptalgal; dolomite, 
scattered barrel shaped anhydrite; nsss. 
8954.8 
8955.7 
8956 
8956.8 
8957 
8958 
8959 
Boundstone; quartz silt; cryptalgal. 
As above; fn dolomite. 
As above; sc equant anhydrite. 
As above; algal clots; faint? barrel-shaped 
anhydrite. 
Boundstone; peloid, gastropod; cryptalgal, 
mottled; sceu dolomite, nsss. 
Asa~~. 
Packstone; peloid, abraded ostracode, gastropod, 
quartz silt; mottled; sceu dolomite; nsss. 
8953-
8976 
(con't.) 
8976-
8987 
8960 
8960-76 
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As above; equant anhydrite. 
Packstone; peloid, brachiopod; laminated; 
mosaic calcite, pyrite; nsss, sss. 
Packstone to wackestone; brachiopod, peloid; nodular 
to mottled; nss. 
8976-87 Packstone to wackestone; co1IDD.inuted 
brachiopod and pelmatozoan, few whole 
brachiopod, gastropod, Syringopora, peloid; 
mottled; mosaic calcite, lath and equant 
anhydrite, saddle dolomite. 
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MCKENZIE COUNTY 
NDGS #2373 
LEGAL: Amerada Pet./ Antelope "A" ill NESE 1-152-95 KB: 2117 
(To correct for log footage, add 10 feet to core and thin section 
footage.) 
Core depth Core description 
Thin section depth Thin section description 
10,450-
10,464 
10,464-
10,4 73. 
Wackestone, locally packstone and mudstone; fine peloid, 
fine ostracode, brachiopod, pelmatozoan, gastropod, 
calcisphere, micro-algal "balls", nodular; pseudospar, 
anhydrite, baroque dolomite, silica. 
10,451 
10,452 
10,455 
10,459 
10,462 
Mudstone and packstone; abraded brachiopod, 
gastropod, pelmatozoan, peloid, intraclast, 
calcisphere; massive and nodular; calcite, 
anhydrite, silica; nsss. 
Mudstone; abraded brachiopod, intraclast; 
nodular; sceu dolomite, baroque dolomite, 
anhydrite, silica; nsss. 
Wackestone to packstone; peloid, abraded 
brachiopod, fine ostracode; nodular; sceu 
dolomite, anhydrite, baroque dolomite; nsss. 
Wackestone; brachiopod, pelmatozoan, gastropod, 
fine ostracode, micro-algal "balls"; mottled; 
sceu and baroque dolomite, silica; nsss. 
Packstone; fine ostracode, brachiopod, 
pelmatozoan, peloid; mosaic calcite, sceu 
dolomite, silica, baroque dolomite; nsss, nss; 
micro-fractures, often infilled with baroque 
dolomite. 
Packstone, mudstone, locally grainstone, argillaceous; 
intraclast, quartz silt, peloid, ostracode, gastropod; 
laminated, disrupted; dogtooth and mosaic calcite, 
anhydrite, dolomite; rounded dark blue gray argillaceous 
intraclast; olive gray discontinuous streaky laminated. 
10,464-
10,4 73 
(con't.) 
10,473-
10,490 
10,490-
10,495 
10,495-
10,507 
10,464 
10,469.8 
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Packstone, locally grainstone, ostracode, 
peloid, gastropod, intraclast; mottled to bedded, 
disrupted; dogtooth and mosaic calcite, lath 
anhydrite, eu and baroque dolomite; crustose. 
Mudstone; crystalline carbonate(?); structure-
less; fn dolomite, lath and equant anhydrite, 
silica. 
Mudstone, anhydrite; quartz silt, peloid; disrupted 
lamination; lrgeu dolomite, felted nodule anhydrite, 
silica. 
10,479 
10,484 
10,489.9 
Mudstone; quartz silt and sand; massive; 
lrgeu dolomite, anhydrite . 
Mudstone, anhydrite; peloid, quartz silt; 
disrupted lamination; lrgeu dolomite; felted 
nodule anhydrite, silica. 
Mudstone; quartz silt; silica, dolomite; nsss. 
Boundstone; peloid; cryptalgal; anhydrite, fneu dolomite, 
calcite, felted anhydrite; nsss. 
10,490 
10,492 
Boundstone; rare ostracode; cryptalgal to 
laminated; calcite, lath to equant anhydrite; 
nsss. 
Boundstone; peloid; distorted, cryptalgal; 
calcite, fneu dolomite, felted anhydrite; 
silica. 
Wackestone to packstone locally boundstone, mudstone; 
gastropod, pelmatozoan, brachiopod, peloid, rugose 
coral, ostracode, intraclast; laminated to thinly bedded, 
mottled; dogtooth calcite, fn and sceu dolomite, equant 
anhydrite; nsss. 
10,495 
10,496.2 
10,497 
Packst one; pelmatozoan, micro-algal "balls", 
peloid; structureless; fn dolomite, equant 
anhydrite, silica. 
Boundstone; pelmatozoan, peloid, micro-algal 
"balls", ostracode; mottled; equant anhydrite, 
fneu dolomite; nsss. 
Wackestone; gastropod; pelmatozoan, peloid, 
micro-algal 'ti>alls", oncoli te, calcisphere; 
massive; dogtooth to mosaic calcite; sceu and 
baroque dolomite, silica. 
10,495- 10,502 
10,507 
(con ' t . ) 
10,505 
NDGS 1/2602 
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Packstone; peloid, ostracode, brachiopod, 
calcisphere; laminated; fneu dolomite, dogtooth 
calcite, anhydrite; nsss. 
Mudstone ; pelmatozoan, ostracode, quartz silt; 
mottled; fneu dolomite, calcite; nsss. 
LEGAL: Texaco/Garland #5 
Core depth 
SENE 6-153-95 
Core description 
KB : 1983 
10,037-
10,051 
10,051-
10,070 
Thin section depth Thin section description 
Anhydrite, boundstone; peloid, rare gastropod; cryptalgal, 
streaky laminated, laminated, bedded massive, distorted 
bedded mosaic to highly distorted; anhydrite, disseminated 
pyrite, alternating dark blue gray anhydrite with tan 
altered carbonate, 
10,040.5 
10,042 . 8 
10,046. 6 
10,049 
Boundstone ; cryptalgal, streaky laminated 
(micro- boundinage) , felted anhydrite; anhydrite 
occurs as faint nodules; dark blue gray. 
Boundstone; quartz silt, faint peloid; 
cryptalgal, laminated; felted anhydrite; 
anhydrite nodules; tan . 
Boundstone ; cryptalgal; felted anhydrite; 
dark blue gray. 
Boundstone ; cryptalgal, distorted laminated; 
felted and equant anhydrite ; mottled medium 
blue gray . 
Packstone , locally wackestone and grainstone; Amphipora, 
Syringopora, Thamnopora; faintly laminated; dolomite, 
anhydrite; nsss. 
10,052.6 
10,052.8 
Packstone to wackestone; Amphipora, abraded 
calcisphere, ostracode, peloid, encrusting 
algae(?); faintly laminated; fn dolomite, 
mosaic calcite, equant and lath anhydrite; 
nsss. 
As above; pseudospar. 
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10,051- 10,057.9 
10,070 
Packstone; Amphipora, Syringopora, brachiopod; 
structureless; mosaic calcite, microspar, 
baroque dolomite; sss. (con' t.) 
10,070-
10,085 
(No data: 
10,082-
10,084. 5) 
10,085-
10,092 
(No data: 
10,087-
10,089 . 5) 
10,058 
10,061.8 
10,069.9 
As above; algal sticks(?). 
Packstone; Amphipora, Syringopora, algal 
clots(?), ostracode; faintly laminated; 
pseudospar, eu dolomite, felted and equant 
anhydrite, baroque dolomite; nsss. 
Packstone to grainstone, Amphipora, brachiopod; 
faintly laminated; baroque dolomite, equant 
anhydrite. 
Packstone, crystalline carbonate; laminar stromatoporoid, 
Syringopora; faintly laminar; calcite, dolomite; nsss, 
sss; upper portion (10,070-10,078) of interval is light 
blue gray, whereas lower portion (10,078-10,085) is a very 
dark brown. 
10,070.1 
10,072 
10,074.5 
10,076.5 
10,077.4 
10,077.5 
10,080 
Crystalline carbonate; brachiopod; structure-
less; eu dolomite pseudospar; nsss. 
Packstone; stromatoporoid, Thamnopora; 
laminated; pseudospar, equant anhydrite; nsss. 
As above; ostracode; sss. 
Crystalline carbonate, packstone; stromatoporoid, 
Syringopora; structureless; pseudospar, eu 
dolomite, equant and lath anhydrite; nsss. 
As above. 
As above; local felted anhydrite, fneu 
dolomite. 
As above; baroque dolomite. 
Crystalline carbonate, locally wackestone to mudstone; 
brachiopod, stromatoporoid, rugose coral; mottled; 
dolomite; nsss. 
10,086 
10,086.7 
Crystalline carbonate; stromatoporoid, 
Syringopora, abraded brachiopod, rugose coral; 
structureless; pseudospar, eu dolomite, equant 
anhydrite; nsss. 
As above; Stachyodes. 
10,085-
10,092 
(con' t.) 
NDGS II 2820 
10,090 
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Crystalline carbonate, mudstone; brachiopod, 
pelmatozoan, fine ostracode; mottled; eu 
dolomite; nss. 
LEGAL: Texaco/Keogh #4 NWSW 5-151-95 KB: 2416 
(Thin sections only, no core available.) 
Thin section depth Thin section description 
10,886.7 Anhydrite; distorted; felted anhydrite. 
10,889.1 Mudstone; calcisphere, quartz silt, intraclast; 
distorted, cryptalgal (?); fn dolomite felted 
anhydrite; argillaceous. 
10,890.1 Mudstone, boundstone (?); subangular quartz 
silt; laminated; fn dolomite, equant anhydrite; 
sss; argillaceous, pod of peloids, coated 
grain, calcisphere, intraclast. 
10,893.1 Wackestone; calcisphere, Umbellina (?), 
clotted algae(?), algal stick(?), 
foraminifera (?), rare gastropod; mottled; eu 
quartz, equant anhydrite, calcite 
spherulites (?). 
10,896 Packstone; peloid, intraclast, calcisphere (?); 
laminated; lath anhydrite. 
10,898.2 Wackestone to packstone; peloid, clotted 
algae(?), faintly laminated, cryptalgal (?), 
fn dolomite, equant anhydrite; nsss. 
10,900 As above. 
10,902.2 Packstone; peloid, clotted algae(?), Amphipora, 
brachiopod; ostracode; equant anhydrite; nsss, 
ss. 
10,903 As above. 
NDGS //2820 
(can't.) 
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10,905 Packstone to wackestone; calcisphere, 
stromatoporoid, Syringopora; faintly laminated; 
crs dolomite; equant anhydrite, silica; nsss. 
10,906.6 Wackestone to packstone; stromatoporoid, 
Stachyodes, calcisphere, abraded brachiopod, 
Syringopora, pelmatozoan; structureless; crs 
dolomite, equant anhydrite. 
10,907.2 Wackestone to packstone; encrusting 
stromatoporoid, Syringopora, Amphipora, 
calcisphere, abraded brachiopod; structureless; 
crs dolomite, equant anhydrite. 
10,908 Grainstone; calcisphere, peloid, ostracode; 
structureless; crs dolomite, lath, equant 
anhydrite. 
10,909.6 Wackestone to packstone; stromatoporoid, 
Syringopora, abraded brachiopod; structureless; 
crs dolomite, silica. 
10,910.2 As above; Amphipora, gastropod; nsss. 
10,911.3 Packstone to grainstone; abraded brachiopod, 
Syringopora, stromatoporoid, pelmatozoan; 
structureless; crs dolomite; nsss. 
10,913.2 Packstone; as above, peloid, rugose coral. 
10,914.4 As above; equant anhydrite. 
10,916.4 As above; baroque dolomite. 
10,916.8 Packstone; Syringopora, stromatoporoid; 
structureless; baroque dolomite, equant 
anhydrite; nsss. 
10,919.3 Packestone to wackestone; abraded brachiopod, 
pelmat9zoan, peloid, micro-algal "bal·ls 11 ; 
mottled; crs dolomite, lath anhydrite; nss. 
10,920 Mudstone, Wackestone; peloid, brachiopod, 
pelmatozoan, fine ostracode; nodular; fneu 
dolomite, equant anhydrite, silica selective to 
brachiopod; nsss, nss. 
NDCS /12820 
(con't.) 
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10,921.1 Wackestone, packstone; whole brachiopod, 
abraded brachiopod and pelmatozoan; peloid, 
micro-algal "balls"; fneu dolomite, lath and 
mosaic calcite, silica; nsss, nss, sss. 
10,927.6 Packstone, wackestone; whole gastropod, abraded 
gastropod and brachiopod, peloid, fine 
ostracode; graded; sceu dolomite, dogtooth, 
mosaic calcite, equant anhydrite; nss, nsss. 
10,928.1 Wackestone; brachiopod, pelmatozoan, fine 
ostracode; fneu dolomite; nsss. 
10,930.4 As above; gastropod. 
10,937.6 Packstone, grainstone; abraded brachiopod, 
peloid, pelmatozoan, intraclast, ostracode; 
massive; sceu dolomite, mosaic calcite, baroque 
dolomite; nsss, sss. 
10,940 . 3 Packstone; abraded brachiopod, peloid, 
calcisphere, intraclast; massive; sceu dolomite, 
lath, equant anhydrite; micrite rim on allochems . 
10,941.6 As above . 
10,943.6 As above; mosaic calcite. 
10,948.4 Boundstone; quartz silt; cryptalgal, laminated; 
fn dolomite, lath dolomite, disseminated pyrite; 
nsss. 
10,950.1 
10,952.9 
10,954.4 
10,956.2 
10,959.2 
Mudstone; streaky laminated, cryptalgal (?); 
sc fibrous anhydrite; argillaceous, 
disseminated pyrite. 
As above. 
As above; cryptalgal. 
As above; quartz silt. 
As above; abundant quartz silt. 
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NDGS 112967 
LEGAL: Texaco/Wisness #2 NWSE 3-152-96 KB: 2317 
Core depth Core description 
10,539-
10,545 
10,545-
10,552 
10,552-
10,565 
Thin section depth Thin section description 
Anhydrite; bedded massive to distorted bedded mosaic and 
highly distorted, cryptalgal (?). 
10,542.9 Boundstone; peloid, coated quartz silt; 
cryptalgal. 
Packstone, locally crystalline carbonate; peloid, intra-
clast; structureless to laminated; anhydrite, dolomite; 
sss. 
10,545.5 
10,547 
10,548.5 
10,549.9 
Packstone; algal clots, peloid, calcispbere, 
abraded ostracode; faintly laminated; lath 
and equant anhydrite; nsss. 
As above, barrel-shaped anhydrite; mottled. 
Crystalline carbonate; quartz silt. 
Packstone; quartz silt, peloid, calcisphere; 
structureless; mosaic calcite, micrite 
coats; sss. 
Packstone to wackestone; Amphipora, laminar stromatoporoid, 
Stachyodes, calcisphere, ostracode; mottled, faintly 
thinly bedded; dolomite, anhydrite; nsss. 
10,552 
10,555 
10,557 
10,560.8 
10,564 
Wackestone to packstone; peloid, Amphipora, 
Stachyodes, calcisphere, Syringopora, 
comminuted ostracode; mottled, mosaic calcite, 
fn dolomite, lath and equant anhydrite; nsss. 
As above. 
As above; fibrous calcite overgrowths on 
calcispheres. 
As above. 
As above; no dolomite. 
10,565-
10,578 
10,578-
10,589 
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Packstone to wackestone, locally crystalline carbonate; 
laminar stromatoporoid, Syringopora; faintly thinly 
bedded; crs dolomite; nsss; nodular anhydrite at 10,568. 
10,566 
10,570.9 
10,575. 
Wackestone, packstone; laminar stromatoporoid, 
Syringopora, peloid, ostracode; mottled; 
neomorphic calcite, lath and equant anhydrite; 
nsss. 
Crystalline carbonate; stromatoporoid, 
Stachyodes, Syringopora, rugose coral ; faintly 
thinly bedded; crs dolomite, bladed calcite, 
baroque dolomite, equant anhydrite; nsss. 
As above. 
Wackestone, locally grainstone; brachiopod, encrusting 
algae, pelmatozoan, gastropod; nodular; dolomite, 
anhydrite; nss. 
10,580 
10,581. 
10,586 
10,589 
Wackestone; abraded brachiopod, encrusting algae, 
peloid, gastropod, ostracode; mottled; mosaic 
calcite, eu dolomite; nss. 
As above. 
Wackestone, locally packstone; abraded 
brachiopod, whole gastropod, peloid, ostracode, 
bryozoan; nodular, bedded; dogtooth calcite, 
equant anhydrite, crs dolomite; nsss. 
Wackestone; brachiopod, gastropod, pelmatozoan, 
fine ostracode ; nodular; mosaic calcite, crs, 
fneu dolomite; nsss. 
NDGS 113086 
LEGAL: Amerada Pet./Antelope "B" CNW 1-152-95 KB: 2210 
Core depth Core description 
10,507-
10,510 
Thin section depth Thin section description 
Anhydrite; bedded angular nodular to distorted bedded mosaic; 
blue-gray with brown tan nodules. 
10,507.5 Mudstone; peloid, intraclast, ooid; irregular 
laminated; crseu dolomite, anhydrite, silica, 
pyrite. 
10,510-
10,520 
10,520-
10,533 
10,533-
10,546 
239 
Packstone; peloid, Amphipora, Syringopora; faintly 
thinly bedded; dogtooth, mosaic calcite, equant 
anhydrite, baroque dolomite; nsss. 
10,511.8 
10,513.7 
10,514 
10,515 
10,516.4 
10,517 
Packstone, 
laminated; 
10,521 
Packstone; peloid, Amphipora, calcisphere, 
Umbellina (?); laminated, nodular anhydrite; 
mosaic calcite, felted and equant anhydrite, 
baroque dolomite. 
As above; coated Syringopora. 
As above; eu dolomite. 
As above; isopachous calcite 
As above. 
As above; highly altered. 
grainstone; Amphipora, ostracode, peloid; 
baroque dolomite, anhydrite; nsss. 
Grainstone; Amphipora, ostracode, peloid; 
baroque dolomite, equant anhydrite, micritized 
allochems; nsss. 
Crystalline carbonate, boundstone, local wackestone; 
stromatoporoid, Amphipora, Thamnopora, ostracode; baroque 
dolomite; nsss; discontinuous fractures filled with 
baroque dolomite, 
10,535.7 Packstone; peloid, ostracode, gastropod, calci-
sphere; structureless; dogtooth, mosaic 
calcite, eu dolomite, lath anhydrite, baroque 
dolomite, 
10,536 Crystalline carbonate; stromatoporoid, 
Syringopora, Amphipora, uncommon brachiopod; 
structureless; abundant eu dolomite, mosaic 
calcite, baroque dolomite. 
10,537 As above, (boundstone). 
10,538 As above; felted anhydrite. 
10,542 As above; algal encrusted allochems; rare 
anhydrite; nsss. 
10,545.5 Boundstone; crystalline carbonate; brachiopod, 
Syringopora, stromatoporoid, Amphipora; eu 
dolomite, mosaic calcite, baroque dolomite; nsss. 
10,546-
10,548.3 
10,548.3-
10,565 
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Packstone, locally wackestone; bulbous stromatoporoid, 
peloid, Syringopora, rugose coral; structureless; 
dolomite. 
10,547 
10,548 
Packstone; Stachyodes, peloid, abraded 
brachiopod; mosaic calcite, eu and baroque 
dolomite. 
Wackestone to packstone, locally crystalline 
carbonate; Syringopora, bulbous 
stromatoporoid, encrusting algae, peloid, 
brachiopod, abraded rugose coral; eu dolomite; 
nsss. 
Wackestone, locally packstone; brachiopod, gastropod, 
pelmatozoan, algal "balls", peloid, rugose coral; nodular; 
dolomite; nss, sss . 
10,548.3 
10,551 
10,553.5 
10,555 
10,556 
10,558 
10,562 
Wackestone to packstone; peloid abraded 
brachiopod, pelmatozoan, micro-algal "balls"; 
nodular; eu dolomite, mosaic calcite, saddle 
dolomite. 
Wackestone; gastropod, brachiopod, 
pelmatozoan, ostracode; mottled; eu and baroque 
dolomite; nsss, sss 
Packstone, wackestone, locally grainstone; 
peloid, brachiopod, gastropod, micro-algal 
"balls", mottled; pseudospar, mosaic calcite; 
nss, sss. 
Wackestone, mudstone; gastropod; mottled; sceu 
and baroque dolomite; nsss. 
As above; brachiopod, pelmatozoan. 
Wackestone, packstone; peloid, brachiopod, 
pelmatozoan, ostracode, calcisphere; mottled, 
burrowed(?); mosaic calcite, baroque and sceu 
dolomite; fractures infilled with baroque 
dolomite. 
As above; gastropod, foraminifer (?). 
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MCLEAN COUNTY 
NDGS 1149 
LEGAL: Stanolind Oil/McLean #1 swsw 28-150-80 KB: 2100 
Core depth Core description 
6523-
6536 
6536-
6538. 5 
Thin section depth Thin section description 
Wackestone to packstone; ostracode, brachiopod, 
pelmatozoan, peloid, Syringopora; nodular to mottled; 
calcite, fn dolomite, equant anhydrite; nsss; light yellow 
tan . 
6524 
6525 
6533 
6533 . 4 
6534 
6534.7 
6535 
Wackestone; brachiopod, pelmatozoan, fine 
ostracode, calcisphere; mottled; fn dolomite, 
lath and equant anhydrite; nss; vuggy fractures. 
As above. 
Packstone; peloid, ostracode; structureless; fn 
dolomite, calcite, equant anhydrite; nsss. 
As above. 
As above; ooid; silica. 
As above. 
Wackestone, locally packstone ; peloid, comminuted 
ostracode, intraclast, calcisphere, argillite; 
mottled; calcite, anhydrite, fn dolomite. 
Crystalline carbonate; intraclast; massive to mottled; 
calcite, fn dolomite, lath to equant anhydrite; light 
yellow tan, dark golden brown anhydrite zones. 
6536 
6536 . 6 
6537.5 
Crystalline carbonate; mottled; calcite, equant 
anhydrite, fn dolomite argillaceous. 
As above; increase argillaceous. 
Crystalline carbonate; intraclast; laminated to 
distorted; calcite, fn dolomite, lath anhydrite . 
6538.5-
6541 
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Anhydrite, quartz silt, argillaceous; streaky laminated, 
broken lamination; anhydrite; olive gray. 
6539.8 Anhydrite, quartz silt, argillaceous. 
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ROLETTE COUNTY 
NDGS /183 
LEGAL: Lion Oil/Sebelius Ill SENW 23-161-73 KB: 1627 
Core depth Core description 
3343-
3348 
3348-
3369 
3369-
3384 
Thin section depth Thin section description 
Crystalline carbonate; laminated to nodular; nss; light 
golden brown. 
3343 
3345 
3347 
No data 
Crystalline carbonate; peloid, algal stick(?), 
ostracode, Stachyodes (?); sceu dolomite . 
As above; lath to mosaic anhydrite. 
As above; equant and lath anhydrite ; nsss . 
Crystalline carbonate; brachiopod, gastropod, pelmatozoan, 
Syringopora, rugose coral; nodular; dolomite, anhydrite; 
nsss, sss; light golden tan. 
3369 Crystalline carbonate; brachiopod, pelmatozoan; 
structureless; eu dolomite. 
3370 As above; faintly laminated; equant anhydrite; 
sss. 
3372. S 
3373 
3374.S 
3375 
3377 
3382 . S 
3383.8 
As above; lath to mosaic anhydrite. 
As above; Syringopora. 
Crystalline carbonate; peloid, micro-algal 
"balls", ostracode; nodular; eu dolomite; nsss, 
sss . 
As above; brachiopod, pelmatozoan. 
As above. 
As above; encrusting algae(?); equant anhydrite. 
As above; Syringopora , rugose coral . 
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TOWNER COUNTY 
NDGS #100 
LEGAL: Union Oil/Saari #1 SWSE 35-161-68 KB: 1717 
Core depth Core description 
2486-
2503 
2503-
2507 
2507-
2510 
Thin section depth Thin section description 
Crystalline carbonate; stromatoporoid, Syringopora; 
structureless; dolomite, lath and nodular anhydrite; nsss, 
sss; pale yellow brown. 
2486 . 8 
2491.5 
2493 
2497.3 
2497.5 
2499 
Crystalline carbonate; abraded brachiopod, 
stromatoporoid, Amphipora, structureless; crs 
dolomite, mega-quartz. 
As above; Syringopora; sss. 
As above; fine ostracode; eu dolomite, equant 
anhydrite. 
Crystalline carbonate; crs dolomite. 
As above. 
As above. 
Mudstone, anhydrite; intraclast, laminated, highly 
distorted, anhydrite nodule; varicolored and alternating 
red, yellow. 
2503 . 6 
2505 
2504.5 
Mudstone; angular intraclasts; cryptalgal (?), 
argillaceous • 
Mudstone; as above; faintly laminated. 
As above; quartz silt . 
Packstone, boundstone (?); peloid; cryptalgal (?), 
brecciated (large inplace clasts), filled fractures 
(geopetal). 
2509 Packstone,boundstone (?); peloid; cryptalgal (?), 
breccia; mosaic calcite, mega-quartz. 
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WILLIAMS COUNTY 
NDGS #999 
LEGAL: Texas Co./Donahue #1 SWNE 23-154-100 KB: 2253 
(Footage values may not be accurate due to poor cataloguing.) 
Core depth Core description 
11,245-
11,248 
11,248-
11, 252 
Thin section depth Thin section description 
Shale, grainstone locally; quartz silt; distorted, cross-
laminated; crs dolomite, pyrite; light brownish tan 
carbonate, turquoise green fissle shale, (Three Forks 
Formation ?) • 
11,245.4 
11,246 
11,247 
11,247. 2 
11,247.7 
Anhydrite; 
11,251 
Shale; quartz silt; cross-laminated, breccia; 
dolomite, pyrite, may be cryptalgal in part. 
As above. 
As above. 
As above. 
As above . 
distorted bedded nodular-mosaic, mosaic. 
Anhydrite; bedded massive; felted anhydrite. 
11,252- Wackestone; comminuted brachiopod, gastropod, calcisphere, 
11,253(?) fine ostracode; faintly laminated; dolomite, sss . 
11,253-
11,259 
11,252 . 8 Wackestone; peloid, comminuted brachiopod, 
gastropod, calcisphere, fine ostracode; faint 
laminated; sceu dolomite; sss. 
Packstone to wackestone ; calcisphere encrusting and laminar 
stromatoporoid, Thamnopora, peloid; faintly bedded; crs 
dolomite; nsss. 
11,253-54 Packstone; ostracode, calcisphere, stromatoporoid 
encrusting on Thamnopora, Syringopora; structure-
less; sceu dolomite, equant anhydrite; nsss. 
246 
11,253- 11,254.8 
11,259 
Packstone to wackestone; algal(?) clots or 
irregular peloids (hollow), calcisphere, 
ostracode; faintly laminated. (con' t.) 
11,259-
11,273.5 
11,255 Wackestone, packstone; Amphipora, quartz silt, 
peloid; laminated; sc dolomite, equant 
anhydrite, silica; nsss. 
Packstone to wackestone, locally boundstone; stromatoporoid, 
Syringopora, rugose coral; nodular; lath anhydrite, crs 
dolomite; nsss. 
11,259 Wackestone; Syringopora, couuninuted brachiopod, 
peloid; faintly laminated; abundant eu dolomite, 
bladed calcite, lath anhydrite; nsss. 
11,261 As above; rugose coral. 
11,268-69 Packstone; Syringopora, brachiopod, peloid, 
algal coats, pelmatozoan, micro-algal "balls"; 
nodular; eu dolomite, lath anhydrite, nsss. 
11,273 As above. 
11,273.5- Wackestone; brachiopod, pelmatozoan, gastropod, peloid, 
11,295 fine ostracode; nodular to faintly mottled; sceu to 
abundant eu dolomite, equant , lath anhydrite (partially 
selective to brachiopod interiors), silica; nsss. 
11,295-
11,301 
11,280 Wackestone; brachiopod, pelmatozoan, gastropod; 
nodular; mosaic calcite, eu and baroque 
dolomite, silica; nsss. 
11,289-90 Wackestone, packstone; abraded brachiopod, 
pelmatozoan, fine ostracode; mottled, eu 
dolomite, equant anhydrite, silica ; nsss. 
11,291 Crystalline carbonate; uncommon quartz silt ; 
dolomite; nsss. 
11,292 Wackestone; peloid, gastropod, pelmatQzoan, 
comminuted ostracode; faintly laminated 
burrows(?); eu dolomite, equant, lath 
anhydrite. 
Packstone; peloid (?), ostracode; faintly mottled; dolomite, 
common scattered barrel shaped anhydrite crystals; sss. 
11,298 Packstone; algal clots(?), ostracode (mostly 
abraded); structureless; dolomite, equant 
anhydrite, sss. 
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11,295- 11,299 
11,301 
As above . 
(con't.) 11,300 As above; barrel-shaped anhydrite crystals; 
more altered. 
11,301 Ainydrite;streaky laminated; olive green. 
NDGS /12828 
LEGAL: Texaco/Hovde #1 NWNW 15-154-98 KB: 2233 
Core depth Core description 
11,400-
11,414 
10,414-
10,428 
Thin section depth Thin section description 
Packstone, grainstone, locally crystalline carbonate; 
Amphipora, abundant connninuted allochems, Syringopora_; 
l aminated; dolomite; nss. 
10,400.1 
10,401 
10,402.8 
10,403. 9 
10,404 
10,407.6 
10,409 
10,412.5 
Packstone; Amphipora, comminuted allochems ; 
lath to equant anhydrite , fn dolomite; nss. 
As above . 
As above; quartz silt. 
Grainstone; Amphipora, peloid, algal clots(?), 
calcisphere; laminated; mosaic calcite, fneu 
dolomite, equant anhydrite, baroque dolomite; 
nss. 
As above; silica 
As above; gastropod. 
As above; rare dolomite . 
As above; felted anhydrite 
Wackestone, packstone, locally boundstone, tabular 
stromatoporoid, Syringopora, Amphipora, abraded Thamnopora 
and rugose coral; faintly thinly bedded; dolomite; nss; 
oncolitic-like stromatoporoid structure at 10,427 . 
10,414.8 Packstone, wackestone ; Amphipora , laminar 
stromatoporoid, Syringopora, brachiopod, 
Thamnopora; faintly l aminated; equant cal cite, 
eu dolomite . 
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10,414 10,417.9 Boundstone; as above; nodular; nsss. 
Wackestone, packs tone; abraded brachiopod and 
pelmatozoan, Syringopora, ostracode, peloid, 
calcisphere, nodular; dogtooth calcite, eu 
dolomite, equant anhydrite, baroque dolomite, 
silica, nsss, sss. 
10,428 
(con't.) 10,418.1 
10,428-
10,458 
11,418.8 As above. 
11,419.2 As above; abundant peloids, quartz silt. 
11,421 Wackestone, packstone; abraded brachiopod, 
stromatoporoid and algae{?) encrusting on 
Thamnopora, quartz silt; mottled; pseudospar, 
mosaic calcite, fneu dolomite; nsss. 
11,422 As above. 
11,424 Crystalline carbonate; Thamnopora, stromatoporoid, 
brachiopod, pelmatozoan; faintly laminated; fneu 
dolomite, equant anhydrite; nsss. 
11,425.7 As above; Stachyodes, rugose coral. 
11,427 Packstone; Stachyodes, Syringopora, rugose coral, 
peloid fine ostracode, abraded brachiopod; faintly 
laminar; pseudospar, mosaic calcite, fneu and 
baroque dolomite; nsss. 
Wackestone to mudstone, crystalline carbonate; brachiopod, 
pelmatazoan, fine ostracode, gastropod; nodular; sceu 
dolomite, mosaic calcite, anhydrite, saddle dolomite; nsss. 
11,429.5 
11,430 
11,431.5 
11,432.7 
11,433.5 
11,437.5 
Crystalline carbonate, mudstone; brachiopod, 
pelmatozoan, fine ostracode, mosaic calcite, 
saddle dolomite, felted anhydrite; nsss, sss. 
As above; no anhydrite. 
Crystalline carbonate, local mudstone; brachiopod, 
fine ostracode; nodular; abundant fn dolomite; 
nsss; fractures infilled with mosaic calcite. 
Wackestone; brachiopod, oncoid; structureless; 
bladed, prismatic calcite associated with 
brachiopod; abundant fneu dolomite; nsss. 
As above; not oncolitic; nodular. 
As above; bryozoan. 
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10,428- 11,440 As above; no bryozoan. 
10,458 
(con' t.) 11,440. 7 As above. 
11,447 As above; nodules of felted anhydrite. 
11,449 As above. 
11,451 As above, sss . 
11,452 As above. 
NDGS //2887 
LEGAL: Hunt Oil/Legge #1 SWSE 20-159-103 KB: 2001 
Core depth Core description 
9195-
9220 
Thin section depth Thin section description 
Packstone, locally grainstone and crystalline carbonate; 
Amphipora, calcisphere, ostracode, peloid, Syringopora; 
faintly laminated; dolomite; nsss. 
9195.8 
9198 
9200.5 
9203 
9206 
9209 
9214 
9216 
9219.8 
Packstone; Amphipora, calcisphere, algal "sticks", 
laminated; crs dolomite, mosaic calcite, equant 
anhydrite; nss. 
As above; Syringopora; no dolomite. 
As above; Parachaetetes. 
Crystalline carbonate; fn dolomite; nsss. 
Packstone; laminar stromatoporoid, Syringopora, 
peloid Amphipora, algal stick, calcisphere; 
laminated; mosaic calcite, eu dolomite; nsss. 
As above. 
As above; abraded brachiopod . 
As above; abundant algal stick. 
As above; encrusting stromatoporoid. 
9220-
9228 
9228-
9255 
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Packstone, locally wackestone; stromatoporoid, 
Stachyodes, Syringopora, abraded brachiopod, peloid; 
structureless to faintly laminated; dolomite, equant 
anhydrite; nsss. 
9222 
9225 
9227 
Packstone; laminar stromatoporoid, Syringopora, 
peloid; faintly laminated; mosaic calcite, 
eu dolomite, equant anhydrite, baroque 
dolomite; nsss. 
As above; encrusting stromatoporoid, abraded 
brachiopod. 
As above; abundant Syringopora. 
Wackestone; brachiopod, gastropod, intraclast ("in situ"); 
nodular; dolomite; nss. 
9228 
9234 
9239 
9245.5 
9246.5 
9248.8 
9251 
9254 
Wackestone; brachiopod, gastropod, peloid; 
mottled, nodular; eu dolomite; nsss. 
As above; fine ostracode, calcisphere. 
As above, no ostracode, calcisphere; baroque 
dolomite. 
Wackestone, local packstone; abraded 
brachiopod, gastropod, micro-algal "balls", 
laminated; eu dolomite, mosaic calcite; 
nsss; graded local packstone . 
As above; pelmatozoan. 
Wackestone; gastropod, fine ostracode, 
pelmatozoan; mottled, burrowed(?); eu dolomite, 
mosaic calcite; nsss. 
Packstone to wackestone; peloid, algal clots 
(?), abraded brachiopod, gastropod, fine 
ostracode; mottled; eu dolomite, equant 
anhydrite; nsss. 
As above. 
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APPENDIX C 
NAME, LOCATION, AND KELLY BUSHING ELEVATIONS 
OF WELLS USED IN CROSS SECTIONS ON PLATES 3 AND 4 . 
TABLE 5 
Well numbers in the far left column are North Dakota 
Geological Survey well numbers and wells are listed in numerical 
order. Location of wells are listed in the county that they occur 
followed by the quarter and second quarter (Qtr) of a section, 
Township north (T), and Range west (R). Kelly bushing elevation 
is listed in feet above sea level. 
APPENDIX C - TABLE 5 
NAME, LOCATION, AND KELLY BUSHING ELEVATIONS OF WELLS USED IN CROSS SECTIONS ON PLATES 3 AND 4 
Well County Qtr. SEC-T-R Operator /Well Name KB No. 
100 Towner SWSE 36-161-68 Union Oil/A. Saari Hl 1717 
756 Burleigh SWSE 32-137-77 Caroline Hunt Trust, Estate/R.A. Nicholson Ill 1891 
1630 Rolette NWSE 19-161-72 General Crude Oil/Aida Higgins 81 1633 
3277 Oliver NESW 14-142-85 Sunray DX Oil/Henke Ill 2193.4 
4075 Slope NESW 9-136-101 H,L, Hunt/N.P,R.R, "A" Ill 2777 
4340 Williams swsw 2-154-95 Pan American Petroleum/Clifford Marmon Ul 1972 
4790 Bottineau SESE 20-159-81 Union Oil/Abra Steen #1 1517 
4846 Bottineau NESW 8-163-81 Lamar Hunt/W. Cranston #1 1518 
4924 Bottineau NENE 2-161-81 Union Oil/C.M, Huber #l-A-2 1514 N 
4990 Ward 22-156-84 Anschultz et al./Richard Musch Ill 1788 
Vl 
NWSW N 
5135 Divide NW 29-161-95 Ashland Oil/F. Fenster 111-29 2291 
5971 Dwm NENW 6-145-94 Amoco Prod./G. Carlson 01 2360 
5979 Morton NWNW 18-136-81 Houston Oil and Min./Haider et al. 1907 
5989 Divide NESE 31-164-95 W .A. Moncrief and Westhoma/Keba Oil and Gas 831-1 1903 
6104 Dl.Dln SENE 6-145-94 Amoco Prod./G. Carlson B-1 2337 
6243 Stark SENW 26-137-92 Energetics/Martin Kilzer D22-26 2357 
6319 Golden Valley NENE 22-136-105 Apache/Langdon Ul 2694 
6348 Dw:m NENE 1-145-95 Amoco Prod./Muggli Dl 2359 
6370 Bowman SWNE 21-129-100 C.F. Braun/Palczewski 01 2787 
6420 Grant swsw 7-132-86 M.R. Young Oil/7-132-86 BN 2285 
6624 Renville NWNW 1-161-85 Shell Oil/Osterberg 022X-l 1715 
6705 Divide SWSE 25-161-103 Mosbacher-Pruet/G. Anderson ill 2101 
6828 Dunn NENE 8-145-94 Amoco Prod./Merrill Pl 2337 
6917 Dunn NENW 8-145-94 Amoco Proc./Bice #1 2340 
7065 Billings NESW 35-142-100 Supron Energy/Fed. 35-142-100 2759 
7691 Morton SENW 19-138-85 Amoco Prod./Olin #1 2094 
Well County Qtr. SEC-T-R Operator/Well Name KB No. 
7784 Golden Valley NWSE 23-136-106 True Oil/Stark 033-23 2937 
7930 Sioux swsw 28-129-84 Chevron-Sonat/Mortenson Ill 2338 
7936 Emmons NWNW 13-136-75 Chevron et al./Rambough 01 1925 
8215 McKenzie SESE 25-147-98 Gulf Oil/Mormon Fed. lll-25-3C 2512 
8471 McKenzie NENW 22-149-96 Apache/Federal #22-1 2406 
8553 Morton SENW 17-140-82 Shell Oil/Vogel 022-17 1994 
6830 Morton SESW 2-134-83 Pennzoil/Railroad Bend 02-24 2146 
N 
VI 
w 
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CONTOURED ON TOP OF THE BIRDBEAR FORMATION 
Explanation: 
control point - o 
lBCO ==eoo=~~ l o==='CEO ==:==:eee3c0 = ~ 40 Miles 
S,: ale 
Contour Interval: 500 feet 
PLATE I 
Loeffler 1982 
Control point data are \isited in Appendix A. 
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